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Preface

Seminars in Dysphagia provides a comprehensive overview of
contemporary issues in the field of dysphagia assessment,
treatment and management in diverse subject populations.
Expert views are shared by international clinical experts from
different medical and allied health fields.
This book contains an introductory chapter on the anatomical
structures and physiology processes that underpin dysphagia
and discusses the effects of polypharmacy and ageing on
deglutition.
Contemporary practices of functional assessment of
swallowing and the endoscopic assessment for both
oropharyngeal and esophageal dysphagia are reviewed. Both
the nutritional support and decision making in oral route are
described and the impact of dysphagia on carers and family
when managing dysphagia.
Several chapters are dedicated to outlining the manifestation
and consequences of dysphagia in specific populations,
including persons with Parkinsons disease, dystonia, chronic
obstructive pulmonary disease and mixed connective tissue
disease.

Chapter 1

Anatomical and Physiopathological Aspects of Oral
Cavity and Oropharynx Components Related to
Oropharyngeal Dysphagia
Ludmilla R. Souza, Marcos V. M. Oliveira,
John R. Basile, Leandro N. Souza, Ana C. R. Souza,
Desiree S. Haikal and Alfredo M. B. De-Paula
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/60766

1. Introduction
Dysphagia (from the Greek words dys, difficulty, and phagein, to eat) is a congenital or
acquired swallowing disorder that has structural and functional causes that promote a delay
or difficult in the passage of food and liquids from the oral cavity to stomach. Remarka‐
bly, dysphagia is an underestimated neuromuscular disorder, although its consequences
frequently are associated with high rates of morbidity and mortality. Estimates of orophar‐
yngeal dysphagia prevalence vary broadly (ranging from 10% to 80%) according to
screening methods used and especially the type of study population [1-3]. Dysphagia
exhibits a multifactorial etiology, with partipation of exogenous and endogenous factors.
The most common causes of dysphagia are divided into the categories of iatrogenic (such
as patients with previous history of intubation, tracheostomy, or nasogastric feeding tubes,
or a history of infection or metaboic disorders), medications (such as polypharmacy,
depressors of the central nervous system, anticholinergics, sympathomimetics, and diuretic
drugs) neurological diseases (such as stroke, dementia, amyotrophic lateral sclerosis,
Parkinson’s disease, Alzheimer’s disease, extrapyramidal disorders), neuromuscular (such
as myasthenia gravis and inflammatory myopathies), or structural obstruction (such as
Zenker’s diverticulum, oropharyngeal tumors, and factors that causes extrinsic compres‐
sion of the upper aerodigestive tract), as well as other causes [4-7]. Clinically, dysphagia
might be classified into three major types: oropharyngeal dysphagia, esophageal dyspha‐
gia, and functional dysphagia. Oropharyngeal dysphagia is the inability to initiate the act
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of swallowing, whereas esophageal dysphagia is the perception of difficulty of passing
solids or liquids from the throat to the stomach. Functional dysphagia refers to a condi‐
tion in which some patients complain of dysphagia but do not have an organic cause for
a swallowing disorder. The most common symptoms of oropharyngeal dysphagia include
difficulty in manipulating food, problems with saliva production, and difficulty in chewing
the food and swallowing the bolus (a soft mass of chewed food mixed with saliva at the
point of swallowing), and an associated impaired quality of life. Frequently, patients with
oropharyngeal dysphagia exhibit a series of complications such as nasal regurgitation,
coughing, suffocating, gurgle or wet voice after swallowing, unexplained weight loss,
anxiety, depression, low-tract respiratory infections and, it’s most serious complication,
aspiration pneumonia. Problems with social isolation and poor quality of life are a common
feature of individuals with dysphagia. Notably, the occurrence of dysphagia is associated
with high mortality rate [8].
The different parts of the oral cavity and oropharynx are made up of several cell types and
tissues (nerves, fibrovascular, cartilaginous, lining and salivary glandular epithelia, and
smooth and striated muscles) along with mineralized tissues (enamel and dentin of the teeth
and bones) [8, 9]. Notably, there is an intimate relationship between dysphagia and anatomical,
functional, and regulation disturbances of oral cavity and oropharynx components related to
physiological salivation, chewing, and swallowing. Salivation depends of the anatomical and
functional integrities of the minor and major salivary glands. The saliva lubricates the oral
cavity and oropharynx, and an adequate salivary flow assists the initial digestive process by
reducing the bolus size of food, begins the enzymatic digestion of some types of carbohydrates,
and provides moisture and lubrication of the food particles in order to facilitate the swallowing
mechanism, i.e., the movement of the bolus from oropharynx to esophagus [10]. Chewing and
swallowing are likely complex and well-coordinated motor programs, combined together as
a sequence. During chewing, the food particles are reduced in size and consistency. Chewing
is highly dependent of an efficient participation of the teeth, a mineralized tissue whose
occlusal surfaces are frequently used for cut off, rip, knead, and grind food during feeding.
Moreover, the masticatory muscles have a pivotal role in establishing the muscle strength
necessary for the implementation of chewing activity in order to manipulate and grind the
food [11-13]. During swallowing two essential and vital functions must be executed: bolus
transport and airway protection. After adequate bolus preparation, it needs to be swallowed
through an involuntary transport process from the oral cavity and pharynx to the esophagus
without allowing the entry of food particles or liquid in the respiratory trac [14, 15]. Together,
salivation, chewing, and swallowing, therefore, plays a critical role in alimentary events,
allowing food to be initially processed, formed into a bolus, and subsequently transported in
the digestive system. Individuals with health problems related to these mechanisms often
present with complaints of oropharyngeal dysphagia.
In this present chapter, we will highlight a series of morphological and physiological aspects
related to the oral cavity and oropharynx. Moreover, we will discuss the physiopathological
aspectos of the salivation, chewing, and swallowing mechanisms in order to allow to health
professionals to obtain essential knowledge for management of oropharyngeal dysphagia.
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2. Anatomical and functional aspects of the oral cavity and oropharynx
2.1. The oral cavity and the oropharynx
Anatomically, the oral cavity or mouth is an organ of the digestive system that is anteriorly
delimited by the lips, posteriorly by the oropharynx, superiorly by the hard and soft palates,
and inferiorly by the tongue (anterior 2/3) and floor of the mouth, and surrounded by a buccal
mucosa that lines the cheeks, along with the upper and lower teeth and periodontum. The
upper teeth are embedded in the maxilla and the lower teeth are embedded in the mandible,
which articulates with the temporal bones of the skull. The oropharynx is the part of the throat
just behind the mouth. It includes the base of the tongue, the soft palate, the tonsils, and the
side and back wall of the throat. The oropharynx is the middle part of the pharynx (between
the nasopharynx and hypopharynx/laryngopharynx) that is located behind the oral cavity (the
palatoglossal arch) extending from the uvula to the level of the hyoid bone. It opens anteriorly
into the mouth through the isthmus faucium. In this site, the oropharynx is delimited by the
base of the tongue (posterior 1/3) and the upper border of the epiglottic vallecula. Laterally, it
is formed by the palatine tonsils, tonsillar fossa, and tonsillar pillars located between the
palatoglossal and palatopharyngeal archs. Superiorly, its wall consists of the inferior surface
of the soft palate and the uvula [8, 16] [Figure 1].

Figure 1. Anatomical aspects of the oral cavity and oropharynx.

2.2. The teeth
The tooth is an organ that consists of a mineralized, inert, and acellular superficial tissue
(enamel, an exclusive hard tissue produced by epithelial cells of ectodermal origin known as
ameloblasts) but supported by a less mineralized, more resilient, and vital hard tissue (dentin,
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which is secreted by a cells of neural crest origin known as odontoblasts) which is formed from
and supported by a rich innervated and vascular connective tissue (the dental pulp, which is
rich in fibroblast-like cells, blood vessels and nerves). Mammalian tooth development is
regulated by means of sequential and reciprocal interactions between the cranial neural crestderived mesenchymal cells and the ectoderm-derived dental epithelium. The teeth are found
in the entrance of the oral cavity and constitute about 20% of the structural area of mouth.
Anatomically, the tooth consists of a crown and a root, and the junction of the two regions is
known as cervical margin (Figure 2A). The teeth have an important role in food processing
due to different actions performed by their occlusal surfaces during chewing (Figure 2B).
However, the teeth also exhibit other functions, such as defense, proper phonetic articulation,
and esthetics in humans. Due to a specialized supporting biological apparatus that consist of
the cementum (a mineralized and avascular tissue composed of apatite and organic matrix
rich in collagen whose function is to anchor the fiber bundles of the periodontal ligament to
the tooth root), periodontal ligament (a highly specialized connective tissue composed for
collagen fibers bundles that connect the cementum that cover the tooth root to the alveolar
bone whose roles are related to teeth flexibility and sensorial receptor functions), and the
alveolar bone (mineralized tissue that support the teeth), the teeth are found firmly attached
to the jaws. The hardness of teeth, which is determined by a rich hydrated biologic apatite
crystal amid an organic matrix, the number of teeth, the total superficial area formed by the
occlusal surfaces, and the supporting tissues allow the teeth to withstand to the forces of the
chewing [17, 18].

Figure 2. Structural components of the tooth and periodontal support (A). Occlusal surfaces of the human teeth (B).

2.3. The oral mucosa
The oral mucosa is lined by a mucous membrane that consists of a lining epithelial tissue and
an underlying connective tissue. The oral mucosa can be classified as follows: lining, masti‐
catory, and specialized. Among its functions, the oral mucosa has been related to protection,
taste sensation, and chewing. The lining of oral mucosa must be as flexible as possible in order
to be protective. Related to chewing, the oral masticatory mucosa permits a free movement of
the lips, tongue, and cheek muscles. It exhibits a covering of keratinized epithelium and its
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connective tissues is strongly attached to the bone to withstand the constant mastication of
food. The lips exhibit cutaneous (external face, skin), semi-mucosa (transition between external
and internal surfaces), and mucosa (inner surface in contact with the anterior teeth) lining. The
specialized mucosa that is found in the dorsal surface of the tongue exhibits papillae and taste
buds responsible for taste sensation. In the case of the oropharynx mucosa, it is lined by nonkeratinized squamous stratified epithelium [9].
2.4. The salivary glands
Three paired sets of major salivary glands (parotid, submandibular, and sublingual) and about
600 to 1,000 minor salivary glands scattered throughout the oral cavity and oropharynx make
saliva that keeps the mouth moist and play a pivotal role for chewing, swallowing, and
digestion. Histologically, the salivary glands exhibit a secretory unit known as an acinus that
is composed by numerous secretory glandular epithelial cells (acinar cells) that surround a
central space where the secretion is released. From this space, occurs the formation of the ductal
structure, a closed channel lined by epithelial (ductal) cells that run through the gland and end
as an opening on the oral mucosa surface. The ductal system contains specialized segments
with distinct functions characterized as intercalated, striated/granular (middle portion),
convoluted tubule, and excretory ducts (located next to the opening on oral mucosa). Beyond
its transport role, the ductal cells alter the salivary electrolytic composition. Other important
cell types found between the acinar/intercalated ductal epithelial cells and basal lamina are
the myoepithelial cells. These cells show contractile capacity that helps to expel the salivary
secretion from the acinus through the ductal system [19, 20]. The parotid glands are located
inferior and anterior to the external acoustic meatus, lying posteriorly to the mandibular ramus
and anteriorly to the mastoid process of the temporal bone. It drains its secretions (rich in
proteins due to presence of acini with serous glandular epithelial cells) into the superior
vestibule of oral cavity through Stensen's duct or the parotid duct. The parotid gland is
responsible for providing about 25% of the total salivary volume. The submandibular glands
are located superiorly to the digastric muscles and it is divided into superficial and deep lobes
by the mylohyoid muscle. It drains its secretions (rich in glycoproteins due to presence of
predominantly mucous acini, alonmg with some serous acini) into the submandibular duct in
the sublingual caruncles, a small papilla near the midline of the floor of the mouth on each
side of the lingual frenum. The submandibular gland is responsible for producing about 65%
of the total salivary volume. The sublingual salivary glands are anteriorly located to the
submandibular gland and inferiorly to the tongue and closest to the oral mucosa lining in the
floor of the mouth. It drains its secretions (predominantly mucous, but it also contains some
serous epithelial glandular cells) through 8-20 minor excretory ducts (the ducts of Rivinus)
and one largest ducts, the sublingual duct or duct of Bartholin. These ductal structures join the
submandibular duct to drain through the sublingual caruncle. The sublingual salivary gland
is responsible for the production of 3-5% of the total salivary volumen. The minor salivary
glands are mainly located in the lips, tongue, buccal mucosa, and palate, although they can
also be found along the tonsils, supraglottis, and paranasal sinuses. Each minor salivary gland
has a single duct which secretes serous, mucous, or mixed saliva directly into the oral cavity
[21, 22] (Figure 3).
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Figure 3. Anatomical localizations of major salivary glands.

2.5. The masticatory muscles
The masticatory muscles are voluntary striated muscles that are responsible for chewing
actions, grinding the teeth, moving the mandible from side to side, opening the mouth, and
also assisting in speech. During embryogenesis they develop from the mesoderm of the first
brachial arch, also known as mandibular arch. In humans, the mandible is connected to the
temporal bone of the skull via the temporomandibular joint, an extremely complex joint which
permits movement in all planes. The masticatory muscles originate on the skull and insert into
the mandible, thereby allowing for jaw movements during contraction. That group of muscles
is represented by the masseter, temporalis, medial pterygoid, and lateral pterygoid muscles.
The masseter muscle represents the most important masticatory muscle. The masseter is made
up of outer and inner parts. The origin point of the outer masseter muscle is along the
zygomatic arch, the bony arch of the cheek formed by the connection of the zygomatic and
temporal bones. The insertion point of the outer masseter is on the surface of the ramus of the
mandible. The origin point of the inner masseter muscle is from the rear of the zygomatic arch
and it’s insertion point is on the upper surface of the ramus of the mandible. The temporalis
muscle is the muscle which assists in closing the mouth, grinding the teeth and moving the
mouth from side to side when chewing. Its origin point is along the entire rim of the temporal
fossa of the skull and its insertion point is the coronoid process of the mandible and temporal
crest. The pterygoid muscle, made up of lateral and medial parts, is located on the inside of
the ramus of the mandible. The lateral pterygoid muscle is located higher to the medial
pterygoid muscle. These muscles work in tandem with the masseter muscles to assist in
chewing, jaw rotation, side to side movement of the mouth, and the projection of the lower
jaw. The lower head of lateral pterygoid muscle also assists in opening the mouth. Both lateral
and medial parts of the pterygoid muscle have two heads and exhibit two origin points. The
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upper head of the lateral pterygoid muscle’s origin point is from the lateral plate of the
sphenoid bone and the origin point of the lower head is in the lateral pterygoid plate. Both
heads merge to share the same insertion point which is the pterygoid fovea, but the upper
head's insertion reaches the capsula and articular disc. The deep head of the medial pterygoid
muscle has an origin point from the lateral pterygoid plate and the superficial head has an
origin point from the palatine bone and maxillary tuberosity. Both heads merge to form a broad
insertion point on the inner surface of the ramus of the mandible. Other muscles associated
with the hyoid bone (such as sternohyoid, middle pharyngeal constrictor, hyoglossus,
digastric, stylohyoid, geniohyoid, and mylohyoid muscles), also cooperate for opening the jaw
in addition to the lateral pterygoid. The hyoid bone provides attachment for the muscles of
the floor of the mouth and the tongue above, the larynx below, and the epiglottis and pharynx
behind [13, 23] (Figure 4).

Figure 4. The muscles of mastication

2.6. The tongue
The tongue is an organ lined by an oral epithelium that contains numerous specialized
structures related to taste sensation (receptor cells that can sense particular classes of tastes
located in the taste buds, including filiform papillae, fungiform papillae, vallate papillae, and
foliate papillae) (Figure 5A). Internally, however, the tongue exhibits its most remarkable
characteristic in that it is predominantly composed of striated muscle. According to its
embryological origin, the tongue might be classified by anterior and posterior regions. The
anterior region, that represents about 2/3 of the length tongue, is visible, highly mobile, and
directed forward against the lingual surfaces of the lower incisor teeth. The posterior region,
which represents 1/3 of the length of the tongue, has its base on the floor of the mouth,
connected with the hyoid bone, epiglottis, and soft palate, styloid process, and approximates
the oropharynx. Both regions of the tongue exhibit a distinct nerve supply and are delimited
by the terminal sulcus anteroposteriorly and by the lingual septum mediolaterally. The striated
muscle tissues of the human tongue are classified as intrinsic (i.e. they originate and insert
within the tongue, running along its length, and are responsible for changing the shape of the
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tongue, lengthening and shortening it, curling and uncurling its apex and edges, and flattening
and rounding its surface in order to execute eating, swallowing, and speech) (Figure 5B) and
extrinsic (i.e. they originate from bone and extend to the tongue, and are responsible for change
the tongue position, allowing for protrusion, retraction, elevation and side-to-side movement)
(Figure 5C). The intrinsic muscles of the tongue are: 1) the superior longitudinal muscle, that
runs along the superior surface of the tongue under the mucous membrane, and elevates,
assists in retraction of, or deviates the tip of the tongue. It originates near the epiglottis, the
hyoid bone, and from the median fibrous septum, 2) the inferior longitudinal muscle, that lines
the sides of the tongue and is joined to the styloglossus muscle, 3) the verticalis muscle, which
is located in the middle of the tongue and joins the superior and inferior longitudinal muscles,
and 4) the transversus muscle, which divides the tongue at the middle and is attached to the
mucous membranes that run along the sides. On the other hand, the extrinsic tongue muscles
are represented by: 1) the genioglossus, which arises from the mandible and depresses and
protrudes the tongue, 2) the hyoglossus, which arises from the hyoid bone and retracts and
depresses the tongue, 3) the styloglossus, which arises from the styloid process and elevates
and retracts the tongue, and 4) the palatoglossus, which arises from the palatine aponeurosis
and depresses the soft palate, moves the palatoglossal fold towards the midline, and elevates
the back of the tongue [24-26] (Figure 5).

Figure 5. Anatomical aspects of dorsal (A), transversal (B), and lateral (C) views of the tongue.

2.7. The vascular and nervous network of the components of the oral cavity and oropharynx
related to salivation, chewing, and swallowing
Almost all of the soft and hard components of the oral cavity and oropharynx exhibit rich
vascular and motor-sensitive innervation networks [8, 27-32].
The maxillary teeth are supplied by the maxillary artery (a branch of the external carotid artery)
and its branches: the middle and posterior superior alveolar arteries. The mandibular teeth are
supplied by the inferior alveolar artery (a branch of the maxillary artery) and its branches: the
mental artery and the incisive artery. The venous drainage of the maxillary and mandibular
teeth occurs via the anterior, middle, posterior, and inferior alveolar veins. Like enamel, dentin
is avascular. The odontoblasts located within the dentin receive nutrition through dentinal
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tubules from tissue fluid that originates from the blood vessels located in the dental pulp, the
vital tissue of the tooth, characterized as a connective tissue with many cells (odontoblasts,
fibroblasts, immune cells, and undifferentiated mesenchymal cells) and an extensive nerve
and vascular supply. In the pulp chamber, there is the plexus of Raschkow that monitors
painful sensations and participates of inflammatory events. In this plexus, there are two types
of nerve fibers (A and C fibers) that mediate the sensation of pain. A-fibers conduct rapid and
sharp pain sensations and belong to the myelinated group, whereas C-fibers are involved in
dull aching pain and are thinner and unmyelinated. Within each dentinal tubule may contain
an odontoblastic process and possibly an afferent axon characterized as an A-delta type
sensitive fiber.
In the oral cavity, the palate is supplied by the maxillary and, sphenopalatine arteries (a branch
of the maxillary artery) and its branches: the lesser and greater palatine, facial (a branch of
external carotid artery) and its branches: the ascending palatine, tonsilar, submentual, upper
and lower labial and angular arteries. The floor of the oral cavity is supplied by arteries: facial,
ascending palatine, submental (a branch of the facial artery), and lingual (a branch of the
external carotid artery). The masticatory muscles receive a blood supply from branches (the
pterygoid portion) of the maxillary artery (masseteric, superficial temporal, anterior and
posterior deep temporal, pterygoid branches, and buccal arteries). The tongue receives its
blood supply primarily from the lingual artery but a secondary blood supply is supported by
the tonsillar branch of the facial artery and the ascending pharyngeal artery. The tissues of the
cheeks receive a blood supply from the facial artery. The tissues of the superior and inferior
lips receive blood from the superior and inferior labial arteries, respectively, that are branches
of the facial artery. The venous drainage of the palate and the floor of the mouth occur via
thelesser and greater palatine veins, the sphenopalatine vein, the lingual vein, the submental
vein and the pterygoid plexus. Veins of the tongue drain into the sublingual vein and the
internal jugular vein. There is also a secondary blood supply to the tongue from the tonsillar
branch of the facial artery and the ascending pharyngeal artery.
The salivary glands also receive a rich vascular network. When the oral mucosal surface is
stimulated, afferent nerve signals travel to the salivatory nuclei in the medulla. The medullary
signal may also be affected by cortical inputs resulting from stimuli such as taste and smell.
Efferent nerve signals, mediated by acetylcholine, also stimulate salivary gland epithelial cells
and increase salivary secretions. The parotid gland is mainly irrigated by the external carotid
artery via its branches, the posterior auricular and transverse facial arteries. However it also
receives a blood supply from the superficial temporal artery (a branch of the external carotid
artery when it bifurcates into the superficial temporal artery and maxillary artery). The venous
drainage of parotid glands is supported by the retromandibular vein (formed by the union of
the superficial temporal and maxillary veins) while its lymphatic drainage is supported by the
preauricular or parotid lymph nodes which ultimately drain to the deep cervical chain. The
submandibular gland receives its blood supply from the facial and lingual arteries. Its venous
drainage occurs through the anterior facial vein. The sublingual gland receives its blood supply
from the sublingual and submental arteries.
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The oropharynx receives vascular irrigation from the ascending pharyngeal artery, a branch
of the external carotid. Iti s a long, slender vessel, deeply seated in the neck, beneath the other
branches of the external carotid. Palatine tonsils are vascularized by the tonsillar branches of
the facial, descending palatine and ascending pharyngeal arteries. The oropharynx venous
drainage occurs through the parapharyngeal spaces to the region of the midportion of the
peritonsillar plexus, which drain into the lingual and pharyngeal veins, which in turn drain
into the internal jugular vein, particularly the jugulodigastric nodes.
Regarding innervation, the motor innervation of the oral cavity is supported by some branches
of the mandibular division of the trigeminal cranial nerve (CN V) and the sensitive innervation
is supported by branches of maxillary and some branches of the mandibular nerve. The
maxillary teeth and their associated periodontal ligament are innervated by the branches of
the maxillary division of the trigeminal nerve, the posterior, middle, and anterior superior
alveolar nerves. The mandibular teeth and their associated periodontal ligament are inner‐
vated by the inferior alveolar nerve, a branch of the mandibular division. This nerve runs inside
the mandible, within the inferior alveolar canal below the mandibular teeth, giving off
branches to all the lower teeth.
The oral mucosa of the anterior region of maxilla (maxillary incisors, canines and premolar
teeth) is innervated by the superior labial branches of the infraorbital nerve. The pterygopa‐
latine nerve (nasopalatine nerve) is responsible for innervation of the anterior mucosa of
maxilla (emerging from beneath the incisive papillae). The lingual nerve, a branch of the
mandibular division of the trigeminal nerve, is responsible for innervation of the gingiva of
the lingual aspect of the mandibular teeth. The mental nerve, a branch of the inferior alveolar
nerve, is responsible for innervation of the facial aspect of the mandibular incisors and canines.
The buccal nerve is responsible for innervation of the gingiva of the buccal region of the
mandibular molars. The palate is innervated via the maxillary nerve, the nasopalatine nerve,
the greater palatine nerve, the lesser palatine nerve and the glossopharyngeal nerve. The floor
of the oral cavity is innervated through the lingual, mylohioid, hypoglossal, glossopharyngeal,
internal laryngeal, and chorda tympani nerves. Unlike most of the other facial muscles, which
are innervated by the facial cranial nerve (CN VII), the muscles of mastication are all innervated
by the trigeminal nerve (CN V), more specifically they are innervated by its mandibular branch.
The motor function of the trigeminal nerve activates the muscles of mastication and other
accessory muscles (the tensor tympani, tensor veli palatini, mylohyoid, and anterior belly of
the digastric). All intrinsic and extrinsic muscles of the tongue are supplied by the hypoglossal
nerve (CN XII), with the exception of the palatoglossus muscle that is innervated by the vagus
nerve (CN X). Regarding sensory nerves, the sensation of taste in the anterior region of the
tongue is passed along the chorda tympani, a branch of the facial nerve. Sensation is passed
along the lingual nerve, a branch of the trigeminal nerve. Posteriorly, both taste and sensation
are passed along the glossopharyngeal nerve (CN IX).
Innervation of salivary glands is entirely autonomic. They are innervated by parasympathetic
fibers (via cranial nerves V, VII, and IX) and sympathetic fibers (via preganglionic nerves in
the thoracic segments T1-T3 and via postganglionic sympathetic fibers C2-C3) of the auto‐
nomic nervous system (Figure 6). The parotid salivary gland is innervated by the facial nerve
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and anterior branch of the great auricular nerve (composed of branches of spinal nerves C2
and C3 from the cervical plexus). Postganglionic sympathetic fibers from the superior cervical
sympathetic ganglion reach the parotid gland as the periarterial nerve plexuses around the
external carotid artery and their function is mainly vasoconstriction. Preganglionic parasym‐
pathetic fibers leave the brain stem from the inferior salivatory nucleus in the glossopharyngeal
nerve (CN IX) and then through its tympanic and then the lesser petrosal branch pass into the
otic ganglion where they synapse with postganglionic fibers that reach the parotid gland via
the auriculotemporal nerve. The sympathetic nervous system also affects salivary gland
secretions indirectly by innervating the blood vessels that supply the glands. Both sympathetic
and parasympathetic stimuli result in an increase in salivary gland secretions. The subman‐
dibular and sublingual glands receive their parasympathetic input from the facial nerve (CN
VII) via the submandibular ganglion. Their secretions are also regulated directly by the
parasympathetic nervous system and indirectly by the sympathetic nervous system. The
sympathetic nervous system regulates submandibular secretions through vasoconstriction of
the arteries that supply it. Parasympathetic innervation of both submandibular and sublingual
glands is provided by the superior salivatory nucleus via the chorda tympani nerve. Para‐
sympathetic activity increases salivary flow, makingsaliva watery. On the other hand,
increased sympathetic activity reduces glandular blood flow, making the saliva thicker, rich
in glycoproteins and glycosaminoglycans. The lingual nerve is responsible by the postgan‐
glionic parasympathetic innervation of minor salivary glands. However, the minor salivary
glands located on the superior jaw are innervated by fibers of the palatine nerve.

Figure 6. Cranial nerves and their relationship with salivation, chewing, and swallowing mechanisms.
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The muscles of the oropharynx receive innervation from the pharyngeal plexus of the vagus
nerve (CN X). This network of nerve fibers provides sensory and motor innervation from the
pharyngeal branches of the glossopharyngeal nerve (CN IX), the pharyngeal branch of the
vagus nerve (CN X), and superior cervical ganglion sympathetic fibers (a component of the
autonomic sympathetic nervous system responsible for maintaining homeostasis of the body).
However, the motor innervation of the oropharynx also receives nerve fibers from the cranial
part of accessory cranial nerve (CN XI). The palatine tonsils receive afferent innervation via
the tonsillar plexus, which has contributions from the general somatic afferent fibers of the
maxillary division of the trigeminal nerve (CN V) via the lesser palatine nerves, and general
visceral afferent fibers from the tonsillar branches of the glossopharyngeal nerve (CN IX)
(Figure 6).

3. Physiological aspects of salivation, chewing, and swalloing
3.1. Salivation
Minor and major salivary glands are responsible for saliva production. These exocrine glands
consist of a few fundamental cell types: i) acinar cells, which are responsible for secretion of
salivary components; ii) myoepithelial cells, which usually form a thin layer above the
basement membrane that support acinar and ductal cells and have contractile functions that
help to expel the salivary secretions from the lumen to the duct; iii) ductal cells, which are
distributed in specialized segments for transportation and modulation of salivary composi‐
tion. Moreover, there are putative stem cells that reside in the ductal compartment and are
related to repair and regeneration of salivary glandular tissue [19, 20].
Saliva is an exocrine secretion made by minor and major (parotid, submandibular, and
sublingual) salivary glands that is expressed into the oral cavity. Saliva consists of approxi‐
mately 99% water, containing a variety of electrolytes (sodium, potassium, calcium, chloride,
magnesium, bicarbonate, phosphate), carbohydrates (glucose, glycosaminoglycans), proteins
(represented by enzymes, immunoglobulins and other antimicrobial factors, mucosal glyco‐
proteins, traces of albumin, and some polypeptides and oligopeptides), and traces of other
biological products (urea, ammonia). Saliva exhibits pH is from 6 to 7 and varies in accordance
with the salivary flow. Saliva is critical for preserving and maintaining the health of the oral
tissues, allowing them to adequately perform a number of pivotal functions for taste sensation,
mastication, digestion, deglutition, and speech. Also aided by the effects of saliva are tissue
protection and repair, dilution of toxic substances and cleaning of microorganisms and
residues. Saliva can be a useful auxiliary means of diagnosis, an indicator of risk, anda way to
monitor local and systemic diseases [10, 33-37] (Table 1).
Saliva can be categorized as whole saliva and specific glandular-derived saliva. Whole saliva is
representative of the typical status of the oral cavity, as it is a complex mixture of fluids from
the salivary glands, the gingival crevicular fluid, mucous secretions from the oral cavity, nasal
cavity, and pharynx, non-adherent oral bacterial, food remainders, desquamated epithelial
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Function

Main chracteristics
⋅ The low levels of glucose, sodium, chloride, and urea hypotonicity in the saliva provides the
ionic environment capable to dissolve substances and maintain taste cells;

Taste sensation

⋅ Secretions from lingual salivary glands of von Ebner may modulate taste;
⋅ A salivary protein (gustin) seems to play a role in the growth and maturation of gustatory
buds.

Hydration and
lubrication of soft oral
tissues

⋅ Presence of mucin glycoprotein that forms seromucosal coverage on the soft oral tissues,
hydrating and lubricating the soft oral tissues.
⋅ Saliva is fundamental for adequate crushing and lubrication of food particles and bolus

Chewing, swallowing, formation ;
and digestion of

⋅ The presence of the digestive enzyme α-amylase (ptyalin) and lingual lipase (produced by

carbohydrates and fats minor salivary glands of tongue; the enzyme is only activate in the stomach) in saliva are
responsible for the initial digestion of carbohydrates and triglycerides, respectively.
⋅ The coverage of mucin protects the oral tissues against the adhesion and colonization of
pathogenic agents.
⋅ Prevent the colonization by potentially pathogenic microorganisms once saliva selectively
modulates the adhesion of microorganisms to the oral tissue surfaces.
⋅ Saliva contains a spectrum of immunologic (immunoglobulins = IgA, more frequent, and IgM
and IgG – less frequent, complement system) and non-immunologic (enzymes = lysozyme,
lactoferrin, and peroxidase and non-enzymatic proteins = mucin glycoproteins, agglutinins,
Protection of soft and histatins, proline-rich proteins, statherins, and cystatins) which present antibacterial and
hard oral tissues

antiviral properties.
⋅ Protection for tooth enamel through the formation of a biofilm, presence of antibodies, buffer
capacity (sialin, urea, and carbonic acid-bicarbonate and phosphate buffer systems), and
concentration of calcium, phosphate, and fluoride, which are decisive for the stability of teeth
and enamel minerals. Moreover, its buffer capacity neutralizes gastric juices to protect the oral
cavity and esophagus
⋅ Maintain the structural integrity of tooth enamel by modulating the remineralization and
demineralization processes.
⋅ Saliva can stimulates blood coagulation, shortening bleeding time.

Tissue repair

⋅ Components of saliva (such as EGF = epidermal growth factor) can increase wound
contraction and stimulate rapid tissue repair.

Dilution and cleaning
of toxic substances and
residues
Auxiliary means of
diagnosis, indicator of
risk, and monitoring of
diseases

⋅ Elimination of desquamated oral mucosa epithelial cells, non-adherent microorganisms,
toxins, and food waste.
⋅ The salivary flux tends to eliminate excess nutrients (such as carbohydrates) that could favor
the growth and colonization of microorganisms.
⋅ Saliva offers a highly potential non-invasive means for monitoring health status, disease
onset and progression, treatment outcome, and decision making for patient care for both local
and systemic diseases.

Table 1. Functions of saliva and main characteristics.
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and blood cells, as well as traces of medications or chemical products. On the other hand,
specific glandular-derived saliva is characterized as salivary production collected directly and
exclusively from the output of the salivary ducts in the oral cavity. Another way to categorize
the saliva flow rate is as unstimulated (resting) or stimulated. Unstimulated salivary flow rate
has a continuous and low salivary flow (basal unstimulated secretion). With regard to the
stimulated salivary flow, it is responsible for most of the daily production of saliva and it is
usually stimulated by several mechanical, pharmacological, gustatory, and olfactory factors.
In healthy subjects, the mean whole saliva production ranges from 1 to 1.5L daily. The clinical
evaluation regularly monitored of the stimulated and unstimulated salivary flow index (SFI) can
be used to categorize the individuals as exhibiting normal, high, low, or very low salivary flow.
Adults with normal stimulated salivation exhibit SFI variations between 1 and 3 mL/min, low
SFI ranges from 0.7 to 1.0 mL/min, and very low SFI (hyposalivation) is characterized as less
than 0.7 mL/min. On the other hand, adults with normal unstimulated salivation exhibit SFI
variations between 0.25 to 0.35 mL/min, low SFI ranges from 0.1 to 0.25 mL/min, and very low
SFI is less of 0.1 mL/min. The sensation of oral dryness in healthy individuals usually occurs
when the whole (both unstimulated and stimulated) SFI is reduced by more than 50% of the
daily production [34, 38-40].
Salivary flow and composition varies between individuals and also in the same individual
once it is affected by several exogenous and endogenous factors such as age, gender, anatomic
and functional aspects of salivary glands, sensory stimuli to food, posture, weight, circadian
and circannual cycles, type of nutritional characteristics of the diet, frequency of chewing and
bite force, physical exercises, tobacco and alcohol drinking, use of medication, fasting and
nausea, and presence of systemic diseases. Decreased salivary flow and alterations in salivary
composition cause a clinically significant oral imbalance manifested by increased susceptibility
to oral infections (dental caries, periodontal disease, oral candidosis); burning mouth; sore
tongue (glossodynia); difficulties with speech, mastication, and swallowing; altered taste
sensation (dysgeusia); and halitosis [35, 36, 41-44] (Table 2).
Factors

Main characteristics
⋅ Although with increasing age the salivary gland tissue undergoes atrophy and gradually is
replaced by a fibro-adipose tissue, increasing age per se seems to not interfere significantly in

Age

production and salivary composition;
⋅ Unstimulated salivary flow seems to be more affected by advanced age (it is lower in elderly)
compared to stimulated salivary flow.
⋅ Although the findings are conflicting, it appears that women exhibit low unstimulated and

Gender

stimulated salivary flow compared to males as a result of a smaller size of the salivary glands
and the influence of female sex hormones.
⋅ Salivary flow and its composition depend on the individual contribution of each major

Anatomic and

salivary gland (parotid, submandibular and sublingual) and minor salivary glands. In

functional aspects of unstimulated salivary flow, the parotid, submandibular, sublingual, and minor glands
salivary glands

contribute 20%, 65%-70%, 7%-8%, and <10%, respectively. When the salivary flow is
stimulated, the parotid gland contributes with over 50% of the total salivary secretion;
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Factors

Main characteristics
⋅ Salivary secretions may be serous, mucous, or mixed. The parotid gland contributes a rich
serous secretion while the submandibular, sublingual and minor salivary glands contribute a
mucous or mixed secretions rich in mucin.
⋅ A series of mechanical, chemical, memory, visual, and olfative stimuli may promote

Sensory stimuli for
food

alteration in salivary production;
Mechanical stimulus (such as chewing) is related to increased salivary secretion;
⋅ Food containing acid substances promote intense salivary flow;
Greater stimulus to saliva production can occur when humans see or imagine favorite foods.

Posture, lightning,
circadian and
circannual cycles
Type of nutrition,
consumption of water,
and characteristics of
diet

⋅ Higher saliva production is verified in individuals kept standing up;
⋅ Lower saliva production is observed in individuals in the dark or blindfolded;
⋅ Nutritional deficiencies promote lower salivary function and composition;
⋅ Higher the body hydration results in greater salivary flow;
⋅ The consumption of food with greater consistency promotes an increased salivary flow rate.

Frequency of chewing ⋅ Decreases in the frequency of chewing or a reduced bite force are related to lower salivary
and bite forcé

flow.
⋅ Physical activities can affect both production as well as composition of saliva. During

Physical exercises

exercise, there is less production of saliva and changes in the concentration of salivary proteins
and electrolytes levels.
⋅ Tobacco components affect the production of saliva from the salivary glands. Smokers have

Tobacco and alcohol increased production of saliva;
drinking use

⋅ In contrast, the ingestion of alcoholic beverages promotes a decrease of salivary components
(enzymes and electrolytes) as well as salivary flow.
⋅ A comprehensive class of drugs may direct or indirectly influence salivary production and

Use of medication

composition, especially those with anticholinergic effects (antidepressants, anxiolytics,
antipsychotics, antihistaminics, and antihypertensives).
⋅ A series of physical and emotional systemic diseases may directly or indirectly affect the

Presence of systemic production of saliva and its composition, such as Sjögren syndrome, celiac disease, diabetes
diseases

mellitus, chronic renal insufficiency, anorexia, bulimia, mood disorders (anxiety and
depression), obesity, paraneoplastic syndrome, nausea, vomiting, and others

Table 2. Factors associated with production and composition of saliva.

3.2. Chewing
Chewing is a complex integrative physiological mechanism involved in the early stages of
digestion and absorption of nutrients. During chewing, the food particles are reduced in size
and consistency due to manipulation of food by oral soft tissues and crushing of food by the
occlusal surfaces of teeth. The saliva facilitates the chewing mechanism by moistening and
coalescing the food particles. The chewed food is kept trapped laterally by the tongue and
buccal mucosa and becomes soft and slippery to ensure an adequate swallowing and further
processing in the gastrointestinal tract. Chewing involves the participation of diverse ana‐
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tomical structures such as teeth, bone (mandible and maxilla), accessory and masticatory
muscles, and sensory-motor activities. Biomechanically, the chewing in humans occurs in a
stereotypical way: after ingestion of food it is transported from the front of the mouth to the
occlusal surfaces of the post-canine teeth. Following this, the food is subjected to a series of
masticatory cycles needed to process the food, making it softer and disintegrated until the food
becomes more difficult to chew. At this stage, when food is ready to be swallowed, it is
propelled posteriorly into the oropharynx where the food accumulates until it is finally
swallowed [11, 13].
The muscles of mastication exhibit an adductor action (i.e., a motion that pulls a structure or
part towards the midline of the midsaggital plane of the body) of mandible, while the lateral
pterygoid muscle abducts (i.e., a motion that pulls a structure or part away from the midline
of the midsaggital plane of the body). All four move the mandible laterally. Another accessory
muscle, the sternohyomastoid is responsible for opening the mandible in addition to the lateral
pterygoid. Anteriorly, the muscles of the lips (orbicularis oris) ensure the closing of the mouth
in order to avoid escaping of the food. Posteriorly, at the moment of swallowing, the simul‐
taneous contraction of perioral and jaw muscles, together with opening of the pharyngeal ring,
causes a squeeze of the food toward the fauces. The coordinated activity of the trigeminal (CN
V) and facial (CN VII) nerves during chewing may be controlled by the direct projections from
the parvocellular reticular nucleus to the trigeminal and facial nuclei. Muscle activity during
chewing requires complex neuromuscular control with a central pattern generator and
peripheral feedback regulatory mechanisms. A distinctive population of brainstem neurons
located on the corticobulbar projections play a role at the onset of rhythmicity of the chewing
movements and swallowing mechanisms while peripheral afferent nerves modulate the
activity of the brainstem central pattern generators. The rhythmicity of chewing movements
may also be affected by basal ganglia dysfunctions. Only a small part of the muscle activity
observed during chewing is needed for the basic rhythmic movements of the jaw. The
peripheral feedback mechanisms that control masticatory muscle activity are supported by
periodontal mechanoreceptors (rapidly conducting trigeminal sensory afferent neurons that
innervate specialized receptors in the periodontal ligament of the teeth, located closest to
collagen fibers) and muscle spindles (afferent sensory proprioceptors located within the belly
of a muscle that primarily detect changes in the length of this muscle). Notably, muscle activity
seems to start just when the intake food promotes resistance during chewing. The information
provided by these mechanoreceptors is important for the specification of the forces used when
food is manipulated and positioned between the teeth and prepared for chewing. Moreover,
information about mechanical properties of food as well as the spatial contact patterns with
the dentition is also provided by these mechanoreceptors. In this way, during cortical stimu‐
lation, the central pattern generator produces stereotyped open-close cycles that are mainly
dependent on peripheral information about the position and velocity of the mandible, the
forces acting on the mandible and on the teeth, and the length and contraction velocity of the
muscles involved [45-47].
There are several factors that determine the performance of the masticatory system and, so, of
chewing. Among them: the quantity and the total occlusal area of teeth, bite force, neuromus‐
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cular control of jaw movement, performance of food manipulation by the tongue, cheeks, and
teeth, breakage behavior, taste and texture of food, number of chewing cycles until swallowing
of food, and salivary flow [11, 48-50] (Table 3). Experimentally, the masticatory function of
individuals might be evaluated and measured by using subjective and objective strategies. The
subjective masticatory function (chewing ability) might be evaluated by interviewing subjects
as to their own assessment of that function. In turn, the objective masticatory function (chewing
performance) has often been measured by determining an individual's capacity to fragment a
test food. The chewing performance can be determined by quantifying the degree of fragmen‐
tation of an artificial test food (Optosil, a silicon rubber commonly used as a dental impression
material, 8 cubes of edge size of 5-8 mm) after a fixed number of chewing cycles (range from
10 to 160 cycles). The degree of fragmentation considers the size of food fragments forced
through a stack of sieves. The distribution of particle sizes of the comminuted food can be
adequately described by a Rosin-Rammler distribution function which is characterized by two
variables only. In each sieve, the amount of test food is weighed and the median particle size
of the particles is calculated from the weight distribution of particle sizes [51, 52].
Factors

Main characteristics
⋅ Form the occlusal area where the food particles are fragmented;

Teeth

⋅ The fragmentation of food is directly dependent on the number of teeth and thus of its total
occlusal area.

Bite forcé

⋅ Depends on jaw muscle volume, activity, and the coordination between the chewing muscles;
⋅ Important for reduction of food particle size.
⋅ The brain stem has been shown to be an essential part of the central nervous system that is
necessary for basic rhythmic activity of the jaw-opening and jaw-closing muscles. This type of
control (central pattern generator) may be switched on by activity of higher centers or by intraoral stimuli. Moreover, peripheral feedback mechanisms provide information (position and
velocity of the mandible, forces acting on the mandible and on the teeth, length and contraction
velocity of the masticatory muscles involved) to the central nervous system to improve the
performance of mastication;
⋅ Responsible for the neurologic control of masticatory muscles and movement of the mandible,

Neuromuscular
control

playing an important role in the fragmentation of the food;
⋅ Act to exert muscle forces that close, and abduct-adduct the mandible allowing the teeth cut
and crush food;
⋅ A small part of the muscle activity observed during chewing is needed just for the basic
rhythmic movements of the jaw, and additional muscle activity is required to overcome the
resistance of the food;
⋅ The texture of food might simulate different breakage behavior. Crispy food decelerates
(induces a decrease of the chewing muscle electrical activity after food breaks) and accelerates
(induces an increase of the chewing muscle electrical activity with intact food) the mandible as
result of resistance and breakage of food particles.
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Factors

Main characteristics
⋅ Depends on how well the tongue and cheeks manipulate the food while the teeth crushe the

Performance of food food and turn it in small particles;
manipulation and ⋅ Individuals with a high masticatory performance will, on average, swallow finer food particles
trituration

(median particle size of about 1mm) than subjects with a less high performance (median particle
size of about 3mm).
⋅ Depends of factors such as percent water content, fat percentage, taste, texture, volume, and
consistency;

Characteristics of the ⋅ Consistency of food can make the jaw decelerate and accelerate as a result of resistance and
food

breakage of food particles;
⋅ These characteristics also affect masticatory force, jaw muscle activity, and mandibular jaw
movements.
⋅ During chewing cycles, the food particles are reduced in size and consistency. Together, the
saliva, due to the presence of water and mucin glycoprotein, facilitates chewing by moistening

Number of chewing the food particles for swallowing;
cycles until

⋅ The number of chewing cycles needed to prepare the food for swallowing is importantly

swallowing of food influenced by food characteristics;
⋅ The number of chewing cycles needed to prepare food before swallowing is rather constant
within an individual for certain foods but varies among different individuals.
⋅ Responsible for mixing of food particles into a bolus that can be swallowed;
⋅ Salivary flow rate is weakly correlated to variation in the swallowing threshold, i.e.,
individuals with a relatively high salivary flow rate do not necessarily swallow the food after
Salivary flow

fewer chewing cycles compared to a subject with less saliva;
⋅ Saliva might modify food properties, which may lead to changes in chewing force, mandibular
jaw movements, number of chewing cycles to prepare the food for swallowing, and, perhaps,
the visual and sound perception of the food.

Table 3. Factors related to chewing and mains characteristics.

3.3. Swallowing
The process of swallowing includes the voluntary effort to ingest food and an involuntary
effort of bolus preparation and transport. During early stages of swallowing, the bolus, which
represents food particles bound together under viscous forces determined by components of
saliva, is transported from the oral cavity and pharynx to the esophagus [14, 15, 53-55].
Briefly, swallowing mechanisms might be summarized as follows: in the oral cavity, where
the initial preparation of swallowing occurs, the food is chewed, moistened, and coalesced.
During chewing, the food particles are continuously moved towards the occlusal surface of
the teeth through the actions of the tongue and masticatory muscles. A premature spillage of
the bolus into the pharynx is avoided by the approach of the soft palate to the tongue that
creates a glossopalatal seal, while various movements of the mandible are important for the
adequate grinding of the bolus. When the bolus is ready for swallowing, the tongue forms a
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slit containing the bolus with the lateral edges curved upwards. The soft palate closes the
nasopharynx, the larynx is elevated and closed, the pharyngeal constrictor muscles (superior,
middle, and inferior) contract and the cricopharynx muscles relaxes. The tongue then contracts
from anterior to posterior pushing the bolus back into the pharynx, the whole process taking
about one second. The true cords, the false cords, the epiglottis and the aryepiglottic folds
constrict to form a barrier of several layers to protect the airway and prevent aspiration.
Elevation of the larynx occurs by the contraction of the suprahyoid musculature and relaxation
of the cricopharyngeus musculatures. With this relaxation, negative pressure is created in the
upper oesophagus, which helps in the movement of the bolus towards to stomach. The
oropharyngeal stage has a short duration (less than a second), although it may vary depending
on size of the bolus. Moments before the bolus enters the oropharynx, the soft palate elevates
to close the nasopharynx, avoiding the regurgitation of the bolus through the nose, while the
hyoid bone elevates and draws the larynx upwards and epiglottic folds down to protect its
entrance. The tongue base moves in contact with the posterior pharyngeal wall, accompanied
by an anterior movement of the hyoid. The cricopharyngeus muscle begins its relaxation
resulting in the opening of the upper esophageal sphincter. The rhythm and pattern of the
swallowing mechanism is involuntary controlled by a central pattern generator located in the
medulla. Moreover, during the oropharyngeal stage of swallowing, it the participation of the
voluntary cranial nerves trigeminal (CN V), abducens (CN VI), and hypoglossal (CN XII) is
fundamental for muscle voluntary control. The involuntary control (sensitive) of the orophar‐
yngeal stage of swallowing involves the pivotal participation of the glossopharyngeal (CN IX)
and vagus (CN X) cranial nerves. The esophageal phase starts after bolus passage through the
upper esophageal sphincter and is characterized by a single primary peristaltic wave move‐
ment travelling at 3-4 cm/sec. After opening of the lower esophageal sphincter, the bolus is
directed towards the stomach. Several secondary peristaltic waves occur spontaneously in an
hour helping to clear residue and any gastric reflux. The oesophageal transit time varies with
age [15, 53, 54, 56, 57].

4. Local and systemic physiopathological conditions associated to
oropharyngeal dysphagia
A plethora of endogenous and exogenous etiologic factors might disrupt the physiology and
anatomical integrity of oral cavity and oropharynx components and, therefore, have an
negative affect on salivation, chewing, and swallowing mechanisms. The occurrence of
disturbances in these mechanisms play pivotal roles in the occurrence of oropharyngeal
dysphagia [1, 5] (Figure 7).
4.1. Age
The aging process is currently viewed as the result of an accumulation of insults to orofacial
structures and function. Dental caries on root surfaces uncovered by gingival tissue, perio‐
dontal disease, tooth loss, oral cancer, infectious diseases (such as oral candidosis), traumatic

21

22

Seminars in Dysphagia

Figure 7. Schematic representation of the main etiological factors associated with dysfunction in salivation, chewing,
and swallowing mechanisms, with promotion of oropharyngeal dysphagia.

lesions (hyperplastic and ulcerations caused by removable prosthodontic appliances),
vesiculobullous autoimmune diseases (such as pemphigus vulgaris and cicatricial pemphi‐
goid), and others remain as a constant threat to the maintenance of oral health in older
individuals. Although many of these diseases might be promptly prevented, diagnosed and
treated, a majority of older persons have encountered significant oral and pharyngeal prob‐
lems that can ultimately have a profound impact on the quality of their lives. Many of these
changes are directly connected to problems with genetic and epigenetic susceptibilities, socioeconomic inequalities, health behavior, access to oral health services, and systemic diseases
and their treatment rather than the simple passage of time [5, 7, 58-62].
Dysfunctions related to salivary supply may negatively influence the masticatory and
swallowing process by making them impossible for individuals to prepare food into a bolus
before swallowing adequately. It has been frequently reported that salivation mechanisms
seem to be affected with the advancing age. Indeed, mouth dryness (xerostomia) promoted by
hyposalivation in older individuals is the most common complaint among the elderly.
However, it has been demonstrated that in healthy older individuals there is not a significant
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alteration in volume and composition of saliva compared to a younger adult. Therefore,
hyposalivation in older persons seems to be more associated with age-related diseases,
masticatory disturbances, and use of certain therapeutic drugs [36, 63, 64].
Masticatory motor performance function is frequently affected in older individuals, especially
those with poor subjective (self-perception of oral health) and normative (decay, periodontal
disease, tooth loss) conditions of oral health. Older individuals exhibit a reduced bite which,
in turn, determines a higher number of cycles needed to chew a standard piece of food, with
increased particle size reduction and longer chewing sequence duration. Due to this, elderly
frequently avoid highly textured foods, which are one of the important masticatory muscle
activators, and might reduce the salivary flow. Other factors reported to affect masticatory
performance in elderly persons include loss and restoration of posterior teeth, number of
residual teeth, occlusal force, stimulated salivary flow rate, and oral motor function, which
seem to accelerate masticatory dysfunction with ageing. However, it has become increasingly
evident that masticatory performance need not decline with age if natural dentition is
maintained. Therefore, if tooth loss and hyposalivation are not considered as characteristics
of physiological ageing, ageing by itself may not be a risk factor for masticatory dysfunction.
With increasing age, maintaining an adequate number of healthy natural teeth is the best
guarantee to maintain adequate masticatory ability. Although the loss of teeth may be
compensated for by dentures, and the dentures contribute to breaking down of food, it has
been noted that prosthetic treatments seem to be unsuccessful for approaching the efficiency
of a complete natural dentition, and so, of the masticatory mechanism [49, 65, 66].
Regarding swallowing, older healthy persons do not seem to experience major changes in this
mechanism. However, the participation of certain risk factors, such as use of depressor central
nervous system drugs or neurological diseases, might increase risk for dysphagia in aged
persons. During mastication and swallowing, tongue activity creates a pressure that facilitates
the manipulation of food particles and transport of the bolus. Older individuals exhibit a lower
isometric swallowing (palate-tongue) pressure compared to younger persons. However, the
influence of swallowing changes attributable to age appear to be important only for deglutition
of certain types of food with different physical characteristics (consistency, texture). Generally,
age does not seem to influence swallowing pressure. Moreover, healthy elderly individual
exhibit a higher oral transit time with a prolonged oropharyngeal phase, upper esophageal
sphincter relaxation, reduced pharyngolaryngeal sensory discrimination, and a higher
threshold to trigger the pharyngeal phase of swallowing [55, 67].
A high occurrence of dysphagia in elderly persons has been documented although it is
frequently neglected by health professionals and patients themselves. Clinical signs of
dysphagia are not specific in geriatric patients and the clinical manifestation of swallowing
disorder in these individuals may fluctuate over time, and therefore needs repeated clinical
evaluation. In that population, the occurrence of dysphagia has been associated with malnu‐
trition and/or dehydration while compromised safety increases the risk of aspiration pneu‐
monia. With regards to oral health, elderly persons with oropharyngeal dysphagia frequently
present with high prevalence of dental caries, periodontal diseases, and edentulism. Moreover,
the occurrence of dysphagia in older persons has significant social and psychological conse‐
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quences. Other health problems such as modifications of respiration or coughing at mealtime,
reduction or refusal of food intake, changes in types of meal texture, recurrent pulmonary
infections and unexplained bouts of fever or unintentional weight loss correlate with dyspha‐
gia in older individuals [7, 61, 68].
In this way, many of the pathological conditions that affect salivation, chewing, and swallow‐
ing therefore can cause dysphagia in an older population, but are not an inevitable consequence
of advancing age of individuals. Early recognition and appropriate management of dysphagia
in elderly patients is pivotal.
4.2. Congenital and traumatic anatomic abnormalities
A series of primary congenital anatomic abnormalities (such as laryngeal, palate and lip clefts,
tracheoesophageal fistula, and jaw micrognathia) and traumatic injuries (such as fibrosis of
the upper aerodigestive tract mucosa for physical and chemical etiologic factors, and postoperatory insults after surgical procedures) can affect the oral cavity and oropharynx and have
been associated with immobility of organs/structures or respiratory difficulty during feeding.
These congenital disturbances manifest early in childhood, occurring independently or in
combination with other anatomic abnormalities, associated or not with syndromes. Traumatic
anatomic abnormalities are typically caused by direct injury. All these types of abnormalities
can lead to significant oropharyngeal dysphagia [69, 70].
4.3. Medication
Drugs that directly or indirectly affect the mechanisms of protection of normal oropharyng‐
eal mucosa (antibiotics, cytotoxics/immunossupressors), production of saliva (anxiolytics,
anticholinergics/antireflux, anticonvulsants, antidepressants, antihypertensives, antipsychot‐
ics, antihistamines/decongestants, diuretics, and opiates), and chewing (botulinum toxin
type A) and swallowing (antipsychotics, antihypertensives, local anesthetic agents)
mechanisms may potentiate the development of dysphagia. The dimensions and impact of
these side effects vary depending on the response of the individual patient and the duration
of medication use [71-73].
4.4. Neurological disorders
Chewing and swallowing are complex motor tasks characterized by a coordinated and
synchronized activation of an afferent system (cortical and subcortical areas and oropharyng‐
eal afferents), the brain stem swallowing center (interneuronal network organizer) and the
efferent system (motoneurons). Some cerebrovascular diseases that affect the motor control of
the cranio-cervical region may interfere with the appropriate performance of chewing and
swallowing mechanisms, which can explain the occurrence of dysphagia. To date, dysphagia
is found in about 50% of individuals with dementia and cerebrovascular accident (stroke), 30%
with deconditioning, and 90% with Parkinson disease [74].
Dementia is a condition in which there is progressive deterioration in cognition that affects
day to day function of patients. All types of neurodegenerative or vascular dementia (vascular,
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multi-infarct, Lewy body dementia, Alzheimer’s disease, and Parkinson’s disease), may affect
cortical regions involved in chewing and swallowing. Development of deglutition disorders
differs with the type of dementia, but most frequently they occur during late stages. The most
drastic complication in patients with dementia is the aspiration pneumonia [75]. Alzheimer’s
disease (AD) represents the most frequent form of dementia. In AD, brain areas underlying
swallowing function show early compromise, probably before clinical dysphagia diagnosis.
In these patients there occurs a delayed oral transit time due to deficits in the sensory aspects
of swallowing. The common reported symptoms in these patients would be pocketing of food
in the mouth, difficulties with mastication, coughing or choking with food or fluid, and the
need for reminders to swallow food. In Parkinson disease (PD), drooling, persistent food
residues, slow transit and repeated tongue movements can be observed during the oral phase.
Delayed triggering of the pharyngeal swallow, prolonged opening of the upper esophageal
sphincter and vallecular stasis are also reported. In less frequent extrapyramidal disorders
(progressive supranuclear palsy, corticobasal degeneration, dementia with Lewy bodies, and
multiple system atrophy), deglutition may be severely impaired even at early stages of the
disease [76, 77].
Stroke is a devastating group of neurological diseases responsible for high rates of disabilities
and death worldwide. Patients with stroke frequently exhibit a need for artificial feeding and
higher length of hospital stay. Swallowing aspiration is reported in up to 50% of patients with
stroke, with the major complication being pneumonia, a likely consequence of bacteriainfected secretions or ingested food repeatedly transgressing into the airway. Stroke patients
have a worse outcome in terms of mortality and length of hospital stay when dysphagia is
present [74, 78].
4.5. Neurodegenerative disorders of the motor system
Muscles need a patent motor innervation to maintain their functionality and trophism. In
diseases characterized with progressive degeneration of motor neurons (both higher, cortical,
and the brain stem and spinal cord), denervation atrophy occurs with consequent muscle
wasting, progressive difficulty in performing movements, and loss of muscle strength. Many
neurodegenerative disorders that affect the motor system exhibit a genetic etiology. However,
it has been evidenced that immune system disturbances also contribute for development of
that group of diseases [79]. Amyotrophic lateral sclerosis (ALS) is a neurodegenerative
disorder that causes muscle spasticity and rapidly progressive muscle weakness and atrophy
throughout the body due to the degeneration of the upper and lower motor neurons, which
is often asymmetric at least in the early stages. Individuals affected by the disorder may
ultimately lose the ability to initiate and control all voluntary movement. With respect to
neuromuscular function occurring in the upper aerodigestive tract, ALS patients usually
present with difficulty in speaking, swallowing, and breathing. Up to 30% of patients with
ALS present with muscle bulbar (jaw, face, tongue, soft palate, pharynx, and larynx) symp‐
toms, such as dysphagia and dysarthria (poor articulation of phonemes due to neurological
injury of the motor component of the motor-speech system) at the onset of the disease, while
almost all patients develop such symptoms at later stages of the disease. These patients often
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lose weight in part because of dysphagia, but also because there is denervation of limb muscles
and significant reduction of appendicular muscle mass. Aspiration pneumonia and respiratory
difficulties are severe complications of ALS. Bulbospinal muscular atrophy or Kennedy's
disease is an X-linked chronic motor neuron disease that also promotes progressive degener‐
ation of bulbar motor neurons. Other chronic motor neuron disorders such as spinal muscular
atrophy sometimes affect the muscles of swallowing [80, 81].
4.6. Other muscle disorders
Dystonia represents an involuntary sustained (tonic) or spasmodic (rapid or clonic) muscle
contraction that can occur in various regions of the body producing twisting, repetitive, and
patterned movements, or abnormal postures. Its etiology is complex and includes genetic
predisposition, peripheral or central nervous system injuries, drug induced or metabolic
disturbances, paraneoplastic syndromes, and neurodegenerative or cerebrovascular diseases.
Oromandibular dystonia (OD) manifests as focal disturbances on perioral movements
performed by masticatory, lower facial, and tongue muscles which may result in trismus,
bruxism, involuntary jaw opening or closure, involuntary tongue movement, dysphonia,
difficulty with chewing, and dysphagia. OD can manifest alone or in association with other
motor control disturbances, such as Meige’s syndrome and Brueghel's síndrome [80, 82].
Muscular dystrophies are a group of muscle diseases that have in common a progressive
weakening in the musculoskeletal system, defects in muscle proteins, and the death of muscle
cells and tissue. Although it has been suggested that this could be caused by environmental
factors, the muscular dystrophies are caused by a mutation of the dystrophin gene. Among
the muscular dystrophies, oculopharyngeal muscular dystrophy (OMD), myotonic dystrophy
(Steinert's disease), and advanced stages of Duchenne muscular dystrophia (DMD) are most
commonly associated with dysphagia. Frequently, all phases of swallowing (oral, pharyngeal,
and esophageal) are impaired in these disorders. As a consequence, these patients have a
delayed onset of swallowing and slowed bolus transit times. Moreover, in these dystrophic
diseases, dysphagia occurs as a consequence of a progressive weakness of the tongue, palatal,
and pharyngeal muscles. In the onset of OMD, dysphagia is mainly pharyngeal, but the lingual
and oral phases are also affected. In DMD, the occurrence of macroglossia complicates the oral
phase of swallowing [75, 83, 84].
The primary inflammatory myopathies are polymyositis (generalized and chronic inflamma‐
tory myopathy), dermatomyositis (microangiopathy that affects skin and muscle), and
inclusion body myositis (progressive acquired myopathy of late stage and slow progression).
They all have in common infiltration of chronic inflammatory cells within muscle tissue and
tissue destruction. It has been hypothesized that the presence of specific autoantigen(s) in the
muscle tissue initiates the disease, though this has not yet been identified in each disease. These
diseases can promote the progressive weakening of the oropharyngeal musculature. Conse‐
quently, dysphagia occurs in about in 60% of patients with primary inflammatory myopathies.
Swallowing disorders may be severe in these patients, and complicate significantly any
respiratory dysfunction they may have (aspiration, interstitial lung disease, respiratory muscle
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deficiency). In inclusion body myositis the inflammatory process can promote a prominent
cricopharyngeus and inferior constrictor muscles [85, 86].
Myositis ossificans (MO) is a disease that is characterized by non-neoplastic, heterotopic bone
formation within a muscle. MO is divided broadly into progressive and traumatic forms. The
progressive form of MO is an autosomal dominant disease in which multiple heterotopic
ossifications develop in the systemic muscle, fascia, tendons, and ligaments, sometimes within
families. Traumatic MO is a disease in which muscles are ossified presumably following acute
trauma, burns, surgical manipulation, or repeated injury. When affecting the masticatory
muscles, MO exhibits higher frequency of involvement in the masseter, followed by the medial
pterygoid, lateral pterygoid, and temporal muscle. In these cases, MO might cause swelling,
trismus, pain, and dysphagia [87, 88].
In certain mitochondrial myopathies (Kearns-Sayre disease, chronic progressive external
ophthalmoplegia, and mitochondrial myopathy, peripheral neuropathy, gastrointestinal
disease, and encephalopathy syndrome), patients present with dysphagia owing to the
weakness of the pharyngeal constrictor muscles that, in turn, impairs swallowing mechanisms.
Peripheral neuropathy seldom involves the pharyngeal muscles, given the short length of the
pharyngeal nerve fibers. However, disorders that are independent of fiber nerve length
(Guillain-Barré syndrome and chronic inflammatory demyelinating polyradiculoneuropathy)
tend to affect the bulbar muscles. In these cases, dysphagia usually involves the pharyngeal
phase, but oral manipulation mainly for solid food is also compromised [89, 90].
4.7. Autoimmune diseases
The autoimmune diseases represent a broad spectrum of diseases that occur when the immune
system turns against components of the body itself, attacking as if it were a foreign molecule.
The autoimmune human diseases comprise more than 50 distinct diseases in which oral
manifestations are encountered with high frequency, sometimes as the first clinical signs or
symptoms of the autoimmune disease [91].
Sjögren's syndrome (SS) is a human chronic autoimmune disorder of the exocrine glands, with
a population prevalence of about 0.5% and most commonly found in postmenopausal females.
SS may clinically manifest as primary (primary SS, exocrinopathy form) or in the context of
underlying connective tissue disease (secondary SS). Secondary SS exhibits connective tissue
disorders that can affect the skin, ears, nose and throat, joints, lungs, heart, kidneys, liver, and
the neurologic (peripheral and central), haematological, and lymphoproliferative systems [92].
The etiology of SS remains unknown but probably it is multifactorial. Exogenous and endog‐
enous factors (virus infections, stress, and hormonal factors) are thought to trigger chronic
inflammation in individuals with a genetic predisposition to the disorder. The initial steps in
pathogenesis of SS probably involve disturbances in endothelial, acinar, stromal, and dendritic
cells, with consequent upregulation of adhesive proteins that appear to drive the migration
and retention of lymphocytes into the gland. The progressive accumulation of lymphocytes is
associated with subsequent activation of cytotoxic cells and release of metalloproteinases that
are responsible for the tissue destruction [93]. Lesions that affect lacrimal and salivary glands
characterize both primary and secondary clinical forms of SS. In the oral cavity, the hallmark
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of SS is the lymphocytic infiltration of the salivary glands, particularly in the periductal areas,
promoting a progressive destruction of the glandular tissues. The development of SS in the
salivary gland results in dysfunction in glandular secretion with consequent hyposalivation
(xerostomia). SS patients with hyposalivation exhibit loss of the lubricating, buffering, and
antimicrobial capacities of saliva with an increased incidence of oral/dental infection, mucosal
friability, objective and subjective findings of dryness, irritation, burning sensation, higher
difficulty for dry and water bolus swallows, and significantly prolonged pharyngeal transit
times as compared to controls. Another important factor that might increase the perception of
dysphagia in SS patients is the occurrence of gastrotracheal reflux. Since saliva has high pH
that normally neutralizes acid refluxed from the stomach, SS patients can be predisposed not
only to gastro-oesophageal reflux but also to reflux into the trachea, which can mimic upper
respiratory-tract infection [94, 95].
Major bullous conditions that involve the oral cavity (such as pemphigus vulgaris, cicatricial
pemphigoid, bullous pemphigoid, and oral lichen planus) and idiopathic chronic inflamma‐
tory conditions (recurrent aphtous ulcers, Behçet’s disease, Crohn’s disease, ulcerative colitis,
chronic graft-versus-host-disease) clinically manifest as painful and bleeding chronic ulcers in
the oral mucosa. These ulcerative alterations may promote adverse affects on taste and smell
sensation and impair mastication and swallowing by disrupting the integrity of oral mucosa
without specifically affecting the anatomical structures directly related to salivary function
and swallowing mechanisms [91].
Myasthenia gravis is an autoimmune disease in which self-antibodies are produced against
nicotinic acetylcholine receptors on the neuromuscular junctions that connect the nervous
system to the muscular system. This results in modification of the synaptic cleft and destruction
of the postsynaptic neuromuscular membrane. In this way, myasthenia gravis is also consid‐
ered a disorder of the neuromuscular junction [96]. Patients with this disease frequently exhibit
fatigable muscle weakness that is clinically the hallmark of this disease. The clinical severity
ranges from mild, purely ocular forms to severe generalized weakness and respiratory failure.
Progressive destruction of neuromuscular junctions in muscles involved in masticatory
swallowing mechanisms leads to disordered oral, masticatory, and pharyngeal phases, with
consequent dysphagia. Clinically, due to progressive muscle weakness promoted by the
disease, patients present with problems with manipulation and transport of food, whereas
others have difficulties restricted to the pharyngeal phase. Some patients have greater
problems with chewing food or moving it in their mouth, whereas others have difficulties
restricted to the pharyngeal phase. About one third of myasthenia gravis patients with
dysphagia aspirate food particles [97, 98].
4.8. Cysts and primary neoplasms in the head and neck
The initial dysphagia associated with hyperplastic and neoplastic lesions located on the upper
aerodigestive tract mucosa is attributed to the combination of disrupted normal anatomy
secondary to exophytic or infiltrative nature of the tumor growth, along with any muscle,
vascular, and nerve involvements, soft tissue tethering, or tumor induced pain. In this way,
the presence and development of hyperplastic lesions, large cysts and benign or malignant
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tumors might potentially promote disturbances in salivation (adenomas, adenocarcinomas,
and carcinomas of the major salivary glands), chewing (large cysts, or benign or malignant
tumors that occur in the jaws or in soft tissues of the oral cavity and oropharynx, such as
dentigerous cysts, ameloblastomas, and infiltrative carcinomas), as well as swallowing
mechanisms. Dysphagia also can occur in these patients as a consequence of therapeutics [70].
4.9. Treatment of the upper aerodigestive tract cancer
Upper aerodigestive tract cancer (UADTC), also known as head and neck cancer, represents
a broad term, which encompasses a group of human malignancies that arise in the epithelial
lining of the upper aerodigestive tract mucosa. Approximately 90% of UADC are diagnosed
as squamous cell carcinoma and it represents the sixth most common type of human cancer,
and is responsible for high morbidity and mortality rates worldwide every year. A plethora
of socio-demographical, economic, and cultural factors associated with a background of
genetic and epigenetic molecular disturbances are pivotal to progression of UADTC [99-102].
All UADTC patients will undergo surgery, chemotherapy, radiotherapy, or a combination of
any of these three therapeutic modalities. The choice of modality is dependent on patient and
tumor variables (presence of physical disabilities of patients, clinical stage, primary site, type,
and resectability of tumor). Patients presenting with early-stage malignancy can be managed
by curative surgery or radiotherapy. Frequently, patients diagnosed with a late stage tumor
might be treated with complete surgical excision followed by post-operative radiotherapy or
with concomitant chemoradiotherapy. The uses of organ-sparing treatments have been
recommended in recent years; however, they have not necessarily translated into functional
preservation of head and neck tissues. Dysphagia is recognized as a potentially devastating
UADC post-treatment complication, occurring in up to 50% of UADTC survivors. The most
significant consequences of dysphagia in UADTC patients are alteration of the sense of taste
(dysgeusia), xerostomia, malnutrition, dehydration, weight loss, reduced functional abilities,
fear of eating and drinking socially, anxiety, depression, reduced quality of life, and food
aspiration [103].
During reconstruction or surgical procedures for treatment of tumors located in the head
and neck (enucleation of primary tumor, tracheostomy, endoscopic laser surgery on the
larynx, partial/supraglottic/supracricoid/total laryngectomy, hypopharyngeal surgery and
skull base surgeries), notably for malignant tumors in late stages, the structure and function
of specific cranial nerves (CN V, VII, IX, X, XII) or other specific anatomic structures related
to salivation, chewing, and swallowing mechanisms are often affected and, therefore,
patients might present with site-specific patterns of dysphagia. Surgical resection can have
devastating effects on swallowing. When surgical resection extends beyond the tongue to
laryngeal or pharyngeal structures the patients may never be functional oral eaters and
always have dysphagia [104, 105].
Radiation therapy disrupts cell division in healthy tissue as well as in tumors and also affects
the normal structure and function of upper aerodigestive tract tissues, including the oral and
pharyngeal mucosa, salivary glands and bones. Frequent and distressing acute and chronic
side-effects might occur in UADTC patients during and after radiotherapy. Acute side-effects
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of radiotherapy are mucositis, xerostomia, dysphagia, hoarseness, erythema and desquama‐
tion of the skin (dermatitis). Other late complications that frequently are observed in radio‐
therapy post-treatment are dental decay, trismus, hypogeusia, subcutaneous fibrosis, thyroid
dysfunction, esophageal stenosis, hoarseness, damage to the middle or inner ear, and osteor‐
adionecrosis (infection in a hypovascularized tissue with consequent tissue destruction). These
post-radiotherapy sequelae are dependent on radiation field, radiation dose, use of antixerostomic medication, and post-radiotherapy time. In xerostomic patients, irreversible
damage can occur to the salivary glands, resulting in dramatic hyposalivation and increases
in oral and systemic infections. Moreover, oral mucositis induced by radiation therapy
frequently occurs, leading to painful oral ulcerations and local and systemic infection. In
patients treated with high dose radiation, swallowing can be affected several years after
treatment due to a series of complications such as fixation of the hyolaryngeal complex,
reduced range of tongue motion, reduced glottic closure, and cricopharyngeal relaxation,
resulting in the potential for aspiration. Irradiated patients have longer oral transit times,
increased pharyngeal residue, and reduced cricopharyngeal opening times [106].
Concurrent chemoradiation was introduced to improve prognosis of UADTC patients by
increase the tumor cell killing with chemotherapy, which also acts as a radiosensitizer.
However, although inoperable tumors showed a better prognosis, the toxicity of the two
modalities combined resulted in more significant side-effects. Various side-effects like nausea,
vomiting, mucositis induced by chemotherapy, dysphagia, neutropenia, and generalized
weakness might occur. The anti-metabolites such as methotrexate and 5-fluorouracil are the
cytotoxic agents most commonly associated with oropharyngeal and esophageal dysphagia.
Chemotherapeutic agents can impact the ability of UADTC patients to swallow. Severe
dysfunction of the base of the tongue, larynx and pharyngeal muscles are observed after
chemoradiation, leading to stasis of the bolus, vallecular residue, dysmotility of the epiglottis,
and food aspiration [106-108].

5. The role of the dentist in an interdisciplinary effort to manage
oropharyngeal dysphagia
Oropharyngeal dysphagia arises as a result of so many types of endogenous or exogenous
injuries that affect, isolated or combined, the salivation, chewing, and swallowing mecha‐
nisms. Injuries in these mechanisms usually impair the physical and mental health and quality
of life of individuals. Undoubtedly, successful management requires an interdisciplinary
collaboration among health professionals, which need to promote an accurate diagnostic
workup, promote effective therapeutic strategies, and formulate an adequate management
strategy of dysphagic patients in cases where cure of that condition is not currently possible.
The dentist is a health professional that clinically evaluates the oral health of patients at
frequent intervals. However, in most curriculums of dental schools, very little is presented and
discussed about chewing and swallowing disturbances regarding the diagnosis, management,
and treatment of these conditions. Moreover, nor is it strongly discussed about salivary gland
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dysfunction (hyposalivation) and its interrelation as an important risk factor for swallowing
disorders. However, as dysphagia is affected by salivation, chewing, and swallowing distur‐
bances, it is clear to realize that the dentist can perform proper educational and clinical
activities that might provide preventive approaches, fast and accurate diagnosis, and partici‐
pate in treatment decisions in a multidisciplinary health care team. Moreover, the dentist may
be the health professional with whom patients feel comfortable in reporting their salivation,
chewing, and swallowing disorders.
With regards to the role of the dentist, the maintenance of oral health conditions in healthy
individuals or the restoration of an adequate oral health in those individuals where these
conditions are unfavorable (such as presence of dental caries, periodontal disease, oral
candidiasis) must be prioritized before or during the treatment of oropharyngeal dysphagia.
In addition, due to the high prevalence of edentulism (especially in older individuals), the
replacement of missing teeth should be provided through the use of dental implants or
dentures. The control of oral infections is mandatory. The aspiration of the pathogenic bacteria
populations (mostly gram-negative) by dysphagic patients is responsible for development of
pneumonia, the worse consequence of dysphagia. In healthy oral conditions, oral biofilm is
colonized by commensal microflora, which acts as a barrier against the colonization of
respiratory pathogens. However, poor oral health conditions reduce that commensal micro‐
flora, allowing the colonization and growth of pathogenic bacteria populations. Concerning
the management of dysphagia due to hyposalivation, the dentist must identify the underlying
cause, minimize or eliminate the effect of the underlying cause and, therefore, its effect on
dental health and quality of life. In the same way, the dentist must prevent, identify, and treat
many dental occlusion, articular (temporomandibular) and neuromuscular diseases that
promote parafunction of masticatory muscles. Maintenance of oral health is fundamental for
hospitalized patients and its impact appears to be more significant in medically compromised
or long-stay hospitalized patients. Hospital-based dentistry might play an important role in
the delivery of oral health care to long-term hospital dysphagic patients with disabilities (such
as traumatic and congenital anatomical abnormalities and neurological and neuromotor
disorders) who are unable to receive their required dental care in their community practice
settings. In patients with deglutive disorders promoted by the side-effects of the usual
oncologic treatments (surgical, chemotherapy, and radiotherapy) the oral care programs aim
to remove mucosal irritating factors, cleanse the oral mucosa, maintain the moisture of the lips
and the oral cavity, relieve mucosal inflammation and prevent and treat the inflammation.
In this way, a policy of systematic evaluation of dysphagic patients by oral health profes‐
sionals is highly recommended, with routine assessment of oral health, improvement of
oral hygiene, and appropriate treatment of diseases related to salivation, chewing, and
swallowing mechanisms.

6. Conclusions
The different parts of the oral cavity and oropharynx are made up of several cell types of tissues
(nerves, fibrovascular tissues, cartilaginous tissues, lining and salivary gland epithelium, and
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smooth and striated muscles) along withenamel and dentin tissues of the teeth and the
supporting bones. The morphophysiology of the oral cavity and oropharynx components is
responsible for preservation and maintenance of oral health which contributes to systemic
health and a better quality of life to individuals. These components are parts of the body that
are highly accessible, sensitive to the action of environmental factors and, at the same time,
are able to reflect changes occurring internally in the body. Oropharyngeal dysphagia
represents a neuromuscular disorder which characterizes individuals with a difficulty in
swallowing. That disorder may result from an accumulation of many factors caused by both
endogenous and exogenous etiologic agents which compromise, directly or indirectly,
mechanisms of salivation, chewing, and swallowing. The dentist is the health professional that
clinically evaluates the oral health conditions of individuals regularly. That health professional
must be considered as an integral component of the multidisciplinary health team in order to
perform proper educational and preventive approaches, management, and therapeutical
actions that might restore oral health to their patients.
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1. Introduction
Dysphagia relates to swallowing problems due to physiological changes in aging people or
such factors as diseases and medications [1]. Previous studies stated that world prevalence of
dysphagia ranged between 16% and 22% [2]. Dysphagia can be classified into two types:
oropharyngeal and esophageal. Oropharyngeal dysphagia includes cerebrovascular disorders
(like stroke), central nervous system disorders (like Parkinson’s disease), and others (like
thyroid disorders). Esophageal dysphagia includes aging, alcoholism, diabetes mellitus (DM),
cancers, and medications [3]. Several symptoms detected to determine the type of dysphagia
(i.e. swallowing problems) included gastrointestinal symptoms (such as heartburn, indiges‐
tion, and gastro-esophageal reflux disease), respiratory symptoms (like cough), and muscu‐
loskeletal chest pain [4].
Many medications are known to induce dysphagia by affecting smooth and striated muscle
via increasing the sensitivity of mucosa resulting in swallowing difficulty. There are two
different ways in which this occurs. First, there is the normal adverse effect (or the indirect
effect) due to pharmacological action and complications such as dysphagia induced by
antibiotics as well as immunosuppressive and anti-cancer agents. Second, there is the direct
effect of medications irritating the mucosa, which is more observed in the elderly [5]. The aortic
arch is the area most susceptible to injuries induced by pills. Medications with a pH less than
3 (such as doxycycline and tetracycline) as well as certain slow-release anticholinergic dosage
medications were more caustic resulting in moderate and severe injuries [6]. The severity of
injuries depended on chronic irritation, high osmolarity, and the dissolution rate of dosage
forms [7]. Medications that are known to induce dysphagia can be categorized into four groups
[8]: (1) medications affecting smooth muscle such as theophylline and calcium channel
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blockers; (2) medications reducing esophageal sphincter pressure such as nitrates and atropine;
(3) medications inducing xerostomia such as antihypertensive agents and antiarrhythmics;
and (4) medications inducing esophageal injury such as aspirin and non-steroidal antiinflammatory medications.
Polypharmacy is defined as patient use of five or more medications [9]. Polypharmacy
contributes to the high incidence of adverse effects as a consequence of possible drug
interactions between medications [10, 11]. Although some studies state that polypharma‐
cy should be considered a significant predictor for dysphagia [2, 12], they have weakness‐
es in that they were either case reports or mainly dealt with specific dysphagia type. Thus,
the aims of the current study are, first, to describe the incidence, severity, and predictors
of dysphagia; second, to determine the relationship between polypharmacy and dyspha‐
gia; and, third, to describe the association between types of dysphagia (depending on
concurrent symptoms) and polypharmacy.

2. Methodology
2.1. Study design
The cross-sectional design based on patients self-reporting was used in the current study to
determine the incidence of dysphagia and its concurrent symptoms. The reason this study was
carried out at the Cardiac Clinic of Penang General Hospital was because polypharmacy is
more detectable in cardiac patients as a result of their treatment by chronic and multiple
therapies. There were 576 cardiac outpatients involved in the current study. Approval for this
study was granted by the Ministry of Health of Malaysia and consent forms were collected
from patients. All patients involved in the current study were aged 18 years or above, used
medications dispensed from the pharmacy of the hospital, and were able to understand and
fill in the questionnaire form in Standard Malay (Bahasa Malaysia) or English.
2.2. Self-reporting questionnaire and assessment of polypharmacy
The self-reporting questionnaire used in the current study had the purpose of counting the
incidence and severity of dysphagia and its symptoms. The validity of the questionnaire was
established after conducting language, panel, and statistical validity, after conducting a pilot
study, and after settling on an appropriate coefficient of reliability (Cronbach's α = 0.92).
Statistical advanced logistic regression was used to measure the specificity and sensitivity of
dysphagia and its symptoms, which had fixed in the questionnaire form. Patients were asked
to answer “yes” or “no” to questions about the existence of dysphagia and its symptoms.
Patients were also asked to report the severity of the symptoms as “mild”, “moderate”, or
“severe”. Mild referred to symptoms that did not bother the patient who had no need for
assistance. Moderate referred to patients who were bothered by symptoms but had no need
for assistance. Severe referred to patients who were seriously bothered by these symptoms
and had urgent need for assistance. Other information such as demographic data, medical
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history, and concurrent medications and diseases were taken from the progress files of
patients.
The patients included in this study were classified into three groups: (1) patients taking no
medications who were referred from other clinics for a follow-up; (2) patients already known
to the department taking fewer than 5 medications and (3) patients known to the department
taking 5 or more medications. All patients on medication had been in chronic therapy for at
least one year.
2.3. Statistical analysis
The Statistical Package for the Social Sciences (SPSS) software program was used to analyze
the results of the current study. The incidence and severity of dysphagia and its symptoms
were measured descriptively. The correlation between dysphagia and its symptoms was tested
using Spearman’s rank correlation. Multiple logistic regression was used, first, to find out the
effect of predictors’ interaction on the incidence of dysphagia; second, to discover how
polypharmacy impacted dysphagia; and, third, to determine the association between poly‐
pharmacy and type of dysphagia (oropharyngeal and esophageal). All the results of this study
were considered significant if their p values were less than 0.05.

3. Results
3.1. Demographic characteristics and medical information
The highest incidence of disease was found in males with a mean age of 59.11±10.14 years. The
most common diseases found in the current study were hypertension, DM, and ischemic heart
disease (IHD). The medications used the most were statins, aspirin, beta-blockers, and
angiotensin-converting enzyme inhibitors (ACE-Is). Other demographic characteristics and
medical information are illustrated in Table 1.
3.2. Severity of dysphagia types and its symptoms
The incidence (and percentage) of current patients complaining of dysphagia and its symp‐
toms during therapy were 122 (21.2%), 177 (30.7%), 265 (46%), and 286 (49.7%) for dysphagia,
indigestion, cough, and chest pain, respectively. Mild symptoms were the highest incidences
followed by moderate and severe (as shown in Figure 1).
Spearman’s rank correlation showed a positive significant (2-tailed, p< 0.001) relationship
between dysphagia and its symptoms. The correlation coefficient between dysphagia and its
symptoms was 0.322, 0.146, and 0.126 for indigestion, cough, and chest pain, respectively. This
result showed that the incidence of esophageal dysphagia was more frequent than that of
oropharyngeal dysphagia.
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Demographic data and diseases

% (No.)

Medications

% (No.)

Gender (male)

74.3 (428)

Statins

87.8 (506)

Age (≤65)

68.9 (397)

Aspirin

67.4 (388)

Malay

39.6 (228)

Beta-blockers

70.8 (408)

Chinese

28.5 (164)

Calcium channel blockers

24.5 (141)

Indian

29.7 (171)

ACE-Is

54 (311)

Other

2.3 (13)

Angiotensin receptor blockers (ARBs) 10.6 (61)

Smoking

14.8 (85)

Trimetazidine

29.2 (168)

Alcohol consumption

9.4 (54)

Isosorbide dinitrate

23.1 (133)

Hypertension

65.8 (379)

Thiazides

6.8 (39)

DM

39.9 (230)

Furosemide

18.9 (109)

IHD

39.8 (229)

Spironolactone

6.3 (36)

Arrhythmia

3.3 (19)

Gliclazide

22.2 (128)

Renal disease

2.4 (14)

Metformin

25 (144)

Thyroid diseases

2.3 (13)

Digoxin

4.3 (25)

Myocardial infarction

2.3 (13)

Warfarin

5.6 (32)

Clopidogrel

17.7 (102)

Ticlopidine

11.3 (65)

Prazosin

2.3 (13)

Race

Table 1. Demographic characteristics and medical information of patients

3.3. Predictors of dysphagia
Gender, IHD, and statins were the most significant factors that must be involved in the
regression model to insure the predictors of dysphagia could be determined (as shown in
Table 2).

Categorical variables

χ2

df

p

Gender

6.181

1

0.013

IHD

7.909

1

0.005

Statins

4.539

1

0.033

χ2 = chi-square test; df = degrees of freedom; p = calculated probability
Table 2. Categorical variables included in the regression model

3.2. Severity of dysphagia types and its symptoms

Percentage of patients
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3.3. Predictors of dysphagia
Variable
Gender

Female

β

SE

OR

95% CI

p

0.575

0.233

1.777

(1.148, 2.750)

0.010

0.599

0.207

1.820

(1.212, 2.731)

0.004

Male (ref.)
IHD

Yes
No (ref.)

The reference category for the model is no dysphagia. The backward stepwise logistic regression test was used. The
Hosmer and Lemeshow goodness-of-fit test with χ2 (N = 576) = 3.365 and p =0.186
Table 3. Predictors of dysphagia in cardiac outpatients

3.4. Polypharmacy and its impact on dysphagia
Patients with polypharmacy (i.e. those using 5 or more medications) have a higher incidence
(45.84%) of dysphagia than other patients (as shown in Figure 2).
Binary logistic regression showed that medication use was a risk factor in the incidence of
dysphagia in cardiac outpatients. The incidence of dysphagia was about 2.8 and 3.2 times
higher for patients taking 1–4 drugs and those taking ≥ 5 drugs (polypharmacy), respectively,
than those taking no medications. However, the incidence of dysphagia in patients with
polypharmacy was found to be higher than those taking fewer than 5 medications (as shown
in Table 4).
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However, th
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Category
Table 4. The association between polypharmacy
and dysphagia
1–4 drugs

≥ 5 drugs
3.5. Predictor interaction and impact on dysphagia

β

SE

OR

95% CI

1.144
1.156

0.491
0.490

2.842
3.176

(1.200, 8.223)
(1.216, 8.299)

The impact of predictor interaction on the incidence of dysphagia according to binary logistic
regression showed gender and IHD to be two significant predictors. Patients taking 5 medi‐
cations or more (i.e. polypharmacy) were more susceptible to the incidence of dysphagia,
especially female patients and those with IHD.
Female cardiac patients taking 5 or more medications were about 2.2 times more prone to a
high incidence of dysphagia than males taking no medications, while there was no significant
impact on females taking fewer than 5 medications. This proved the impact polypharmacy has
on females complaining of dysphagia (as shown in Table 5).
IHD patients taking 5 medications or more had a significantly higher (about 1.9 times)
incidence of dysphagia than those free of IHD and taking no medications. However, no impact
was found for IHD patients taking less than 5 medications (as shown in Table 6).
These tables show the impact of polypharmacy is going to increase the incidence of dysphagia
when the interactions between predictors are taken into consideration. However, gender
(female) was a higher predictor effect for dysphagia than the IHD predictor.
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Category

β

SE

OR

95% CI

No. of drugs (gender)

p
0.012

1–4 drugs (female)

0.555

0.280

1.741

(1.006-3.015)

0.050

≥ 5 drugs (female)

0.770

0.306

2.159

(1.186-3.930)

0.012

p

The reference category is males taking no medications
The reference category for the model is no dysphagia
Table 5. Impact of polypharmacy and gender on dysphagia

Category

β

SE

OR

95% CI

1–4 drugs (IHD)

0.484

0.271

1.623

(0.954, 2.761)

0.074

≥ 5 drugs (IHD)

0.617

0.242

1.854

(1.154, 2.978)

0.011

No. of drugs (IHD)

0.022

The reference category is no medications and no IHD
The reference category for the model is no dysphagia
Table 6. Impact of polypharmacy and IHD on dysphagia

3.6. Polypharmacy and type of dysphagia
Dysphagia was classified according to symptoms of cardiac patients taking part in the study.
Chest pain is the only symptom that showed a significant association with polypharmacy.
Patients taking 5 or more medications had a significantly higher incidence of chest pain (about
2.1 times) than those without medications. Moreover, no significant effect was found for chest
pain in patients taking fewer than 5 medications. Thus, polypharmacy has a greater effect on
esophageal dysphagia than oropharyngeal dysphagia (as shown in Table 7).

4. Discussion
Many different results have been reported on the incidence of dysphagia in different areas of
the world as a consequence of the number of diseases and medications that bring it about.
Moreover, some studies have restricted themselves to different age groups; for example, some
relate to childhood dysphagia while others relate to geriatrics [13]. Many physicians fail to take
these symptoms into account either because they do not take dysphagia seriously or are
unfamiliar with the factors that bring it about [14]. Siebens et al [15] and Croghan et al [16]
found that morbidity and mortality were significantly higher in those with dysphagia than
those without because of malnutrition and/or low quality of life [17]. Speyer et al [18] and
Wallace et al [19] found that patients’ self-reporting was the most effective tool for identifying
dysphagia symptoms. This led to many studies being conducted on patients self-reporting
with the aim of determining the incidence of dysphagia [20–22]. This was because patients
were considered the main source of information to get at the data needed to conduct clinical
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Indigestion

β

SE

OR

95% CI

p

1–4 drugs

-0.099

0.315

0.906

(0.488, 1.681)

0.754

≥ 5 drugs

0.130

0.311

1.139

(0.619, 2,079)

0.676

1–4 drugs

0.040

0.291

1.041

(0.588, 1.842)

0.890

≥ 5 drugs

0.132

0.290

1.141

(0.647, 2.014)

0.648

1–4 drugs

0.369

0.297

1.447

(0.808, 2.591)

0.214

≥ 5 drugs

0.748

0.296

2.113

(1.182, 3.777)

0.012

No medications (ref.)
Cough

No medications (ref.)
Chest pain

No medications (ref.)
The reference category is no dysphagia.
Table 7. Association between polypharmacy and type of dysphagia

studies. Unfortunately, very few studies have reported on the risk factors relating to dyspha‐
gia.
There are a number of benefits stemming from the current study: first, establishing a new
method to count the incidence of dysphagia by getting cardiac outpatients to fill in a validated,
acceptable, and feasible questionnaire, especially because until now there has been no standard
validated tool to report dysphagia and its symptoms capable of meeting clinical requirements
[23]. Second, this study can be used to determine the type of dysphagia based on the types of
symptoms by statistically correlating them into oropharyngeal and esophageal types; up until
now all previous studies either depended on one type or using scales for the classification.
Moreover, no study has ever been assigned to a specific clinical case such as the one here for
cardiovascular diseases or investigated the interactions of dysphagia predictors.
The survey carried out by Barczi et al [24] stated the incidence of adult patients complaining
of dysphagia ranged from 10 to 30%. The dysphagia incidence (21.2%) of the present study
was in the normal range, which was considered to be a good level of incidence when other
risks were taken into consideration; for example, the subjects involved in the current study
were elderly cardiac patients complaining of serious diseases and using chronic multiple
therapies. There is variance in the incidence of dysphagia symptoms such as cough, chest pain,
and indigestion. Such differences have also been reported in previous studies [25, 26]. The
reason for such differences is because the diseases affecting patients and the medications they
take differ from one patient to another. Compared with other studies, cough had a higher
incidence of dysphagia in the current study (46.7%), which was higher than incidence of
dysphagia, and this case was similar to the compared results of Eslick et al [27] who reported
dysphagia (16%), cough (27%) and chest pain (23%). Their study was based on different
explanations of different mechanisms of dysphagia [28, 29]. The incidence of mild, moderate,
and severe dysphagia in the present study was 71.31, 20.49, and 8.20%, respectively, which
was similar to the results of Eslick et al who reported 65, 30, and 5% for mild, moderate, and
severe, respectively [27].
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Dobrzycki et al found a significant association between IHDs and dysphagia, because the
shifting of parasympathetic levels increases the incidence of gastric reflex and induces cardiac
problems [30]. Similarly, cardiac patients in the current study considered IHDs to be the main
risk factors of dysphagia, where the incidence of dysphagia increased approximately 1.8 times
in patients complaining of IHDs. Alves et al found gender had a significant impact on the
incidence of dysphagia by measuring swallowing parameters such as velocity, intervals,
number, and volume capacity. The velocity at which females swallow was found to be slower
than for males, the volume capacity of females was found to be less than males, and females
were found to need more time to swallow [31]. There are two reasons for this. First, males have
larger oral and pharyngeal cavities than females; hence, they find it easier to swallow. Second,
some studies have reported that it takes longer for the esophageal sphincter to open in females
than in males [32, 33]. However, the results of the current study are in agreement with previous
studies regarding the relationship between gender and dysphagia; for example, there is a
higher incidence (approximately 1.8 times) of dysphagia in females than in males.
The reason polypharmacy can be considered a significant risk factor to the high incidence of
mortalities, morbidities, and serious adverse reactions, is because drug interactions increase
the potential toxicity of medications, especially in elderly patients [34]. The incidence of
polypharmacy detected varies widely between studies (22–82%) [35–39] as a result not only of
the way in which medications are prescribed in different countries but also awareness about
the risks of medications. The incidence of polypharmacy reported in the present study was
considered good (45.84%) when compared with other studies. Moreover, none of these studies
compared the incidence of dysphagia in healthy individuals and ill patients. Some patients in
the current study were not taking any medications because they had came from other clinics
for checking purposes only, making them a good standard group for comparison with those
with polypharmacy and those without polypharmacy.
Previous studies have found that polypharmacy has an effect on the incidence of dysphagia
and swallowing problems. However, these studies either were reports focused on types of
dosage forms, or conducted at community pharmacies for primary care patients [4, 40, 41]. The
present study has demonstrated significant clinical outcomes for the relationship between
polypharmacy and dysphagia, and provided evidence to show that number of medications
elevates the incidence of dysphagia in cardiac outpatients. In addition to these results, the
interactions of predictors were also investigated with significant positive outcomes. Females
with polypharmacy had a higher incidence of dysphagia than females without polypharmacy,
due to females with polypharmacy being more susceptible to adverse reactions of medications
[42]. Patients complaining of IHDs had a high incidence of polypharmacy, which elevates the
incidence of adverse drug reactions including dysphagia [43]. Thus, the present study has
shown that the incidence of patients with polypharmacy complaining of IHDs and reporting
dysphagia is high. The present study has satisfied theories about the interactions between
predictors and their impact on the incidence of adverse reactions. Few studies have investi‐
gated the synergistic effect of predictors on the incidence of dysphagia, which gives the current
study importance in providing a new clinical viewpoint.
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A final novel result concerns the classification of dysphagia induced by polypharmacy in
cardiac outpatients. There has yet to be a study determining the effects of polypharmacy on
the incidence of dysphagia, let alone the type of dysphagia. The present study found that chest
pain had a greater association with polypharmacy than other symptoms. By correlating the
symptoms of dysphagia, the study found that polypharmacy is likely to induce a higher
incidence of esophageal dysphagia due to the significant irritation (e.g. of the mucosa) of
medications and physiological changes with aging. Despite being unable to pinpoint a specific
medication as the main causative agent for inducing a high incidence of dysphagia, the
cumulative impact of polypharmacy was a prime candidate. Therefore, the current study
suggests that the effect of total number of medications (polypharmacy) is greater than the effect
of the medication itself, possibly due to the interactions and adverse reactions of medications.

5. Conclusion
Patients’ self-reporting was considered the optimal method to gather information on adverse
symptomatic effects like dysphagia. Polypharmacy, female patients, and IHDs are the main
predictors for dysphagia. Despite these predictors being non-preventable, polypharmacy
control can minimize the incidence and severity of dysphagia induced by medications. The
authors of the present study recommend healthcare professionals (especially pharmacists) to
do their utmost to reduce the number of prescribed medications (according to the guidelines
of polypharmacy), because they are more aware than most of adverse drug reactions and drug
interactions.
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1. Introduction
Everybody is eager to attain old age while preserving as much of their capabilities as possible.
The lifespan has indeed increased considerably but is this also true for the disease-free period?
Dealing with geriatric patients, there is growing awareness of the importance of the link
between old age and swallowing problems. Although the severity and the nature of the
swallowing problems are variable, deglutition in the elderly is somewhat compromised due
to a decreased functional reserve [1]. However, it is important to distinguish between changes
due to normal aging (i.e., presbyphagia) and changes due to pathologic conditions (i.e.,
dysphagia) caused by age-related diseases and their treatment. In primary aging a number of
functions stay preserved, a number of functions deteriorate, and some compensatory mecha‐
nisms are evident.
Though a number of physiological, anatomical, and functional changes take place in the
process of aging inducing an increased risk for dysphagia in older patients, the swallowing of
a healthy older adult in not per se impaired. Presbyphagia refers to characteristic changes in the
swallowing mechanism of otherwise healthy older adults [2].
While presbyphagia remains largely asymptomatic, as in contrast to presbyopia or presbya‐
cousis [3], dysphagia implies the presence of a symptomatic swallowing problem. In healthy
aging there seems to be no reduction of the quality of life linked to deglutition [4]. Dysphagia
arises from the combination of presbyphagia and a pathologic condition such as a stroke [5],
Parkinson’s disease [6], or dementia [7], just to mention the three most frequently encountered
ones. Moreover, the geriatric patient with a diminished functional reserve, admitted in hospital
with an acute illness, may develop a delirious state and subsequently a swallowing problem.
There is also an increased likelihood that iatrogenic causes such as medication, surgical
interventions, or radiotherapy are involved and finally the so-called frail elderly may be
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reaching the lower limits of his physiological reserves, which may induce a swallowing
problem.

2. Changes due to normal aging
Swallowing is an integrated neuromuscular process in which volitional and relatively
automatic movements successively are controlled. Normal swallowing consists of 5 phases:
an anticipating phase, an oral preparatory phase, an oral phase, a pharyngeal phase, and finally
an esophageal phase [2].
The act of swallowing starts with the anticipation when seeing and smelling the food and in
a cognitively adequate elderly person with normal eyesight there are no changes whatsoever
in this first phase.
In the second phase or oral preparatory phase, the solid bolus needs preparation to be swallowed.
Of course the dentures play an important role here; elderly who are often lacking teeth or who
are wearing ill-fitted dentures may experience problems in chewing and as a consequence they
may have made some spontaneous adaptations as far as their diet is concerned, and they are,
for example, likely to avoid raw vegetables and certain meats. It has also been established that
with ill-fitted dentures the masticating muscles function less well, thereby leading to a
prolongation of the chewing process and to a larger number of chewing movements [8, 9]. The
saliva production, a factor strongly related to subjective comfort during swallowing, on the
other hand, will remain intact with aging, with xerostomia in old age being mostly due to
medication [10].
2.1. Oral phase
This phase comprises the manipulation and transportation of the food in the mouth; the tongue
propels the food in one fluid movement into the pharynx. When reaching the “trigger zone”
near the faucial pillars, the reflexively pharyngeal phase will be initiated. Labial, buccal, and
lingual actions, in combination with saliva, all work together to manipulate the food and to
ultimately mechanically formulate a bolus. This bolus is then moved to the posterior side of
the mouth into the inlet of the superior aspect of the pharynx. With aging the tongue strength
declines, yet during swallowing itself the tongue strength is similar as in young people
probably indicating a compensation for a diminished functional reserve [11]. The duration of
the oral phase increases while there is also an increase of residue in the mouth post swallowing
[12]. Here, it is important to have a good evacuation of the bolus because food that rests
lingering in the oral cavity may lead to bacterial overgrowth and to aspiration as well.
2.2. Pharyngeal phase
The oral cavity and pharynx contains an enormous amount of sensory receptors, represented
by dense intricate nerve supply to the oral cavity, pharynx, and larynx. The exact timing of the
onset of the pharyngeal swallow is triggered by reflexes based on the input from these sensory
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receptors in such a way that even a one-second delay in initiation can result in airway invasion
of ingested material or aspiration.
This phase starts with the initiation of the swallowing reflex, and the triggering of this reflex
is somewhat delayed in the elderly [13], which again points to a reduced functional reserve
although there is still sufficient time to close the airway.
In the elderly, there is an increased distance between the hyoid bone and the larynx [14, 15].
This leads in combination with sarcopenia to a larger pharyngeal space that needs clearing at
deglutition [14]. The hyoidal movement in the superior and anterior direction plays a crucial
role as it is important not only for safety reasons as it moves the entrance of the airway further
away from the bolus but also for reasons of efficiency as this movement is responsible for the
opening of the upper esophageal sphincter (UES). This movement declines with aging and is
even in healthy elderly already significantly reduced compared with younger individuals.
The safety of swallowing is further bolstered by the movement of the epiglottis and by active
approximation of the vocal cords and both mechanisms remain intact [16, 17].
The opening of the UES, as observed on videofluoroscopy, is unchanged but in approximately
30% of the healthy elderly one can observe the presence of a so-called cricopharyngeal bar, a
posterior impression at the pharyngoesophageal segment [15]. The cricopharyngeal bar is a
frequent incidental radiologic finding, which in many cases does not cause any symptoms.
When the UES is investigated in the elderly with manometry, it shows a decreased relaxation
of the UES often in combination with increased amplitude of the pharyngeal contraction [2,
18-22]. The intrabolus pressure measured at the level of the UES is also elevated. And to be
complete in the description of this phase we see that at the top of the pharynx the velophar‐
yngeal closure remains intact.
Due to these physiological changes normal in aging, the pharyngeal transit time is significantly
increased in old age [2].
Swallow safety and swallow efficiency not only imply an adequate motor function but also a
preserved sensibility. Increasing age is often associated with a declined perception of spatial
tactile recognition on the lip and tongue [23] and the rest of the oral cavity.
A study that used air pulses at the posterior pharyngeal wall at the level of the piriform sinuses
showed a decreased sensibility in old age and as a consequence the amount of pharyngeal
residue required to initiate a so-called clearing swallow proved to be significantly higher than
in young persons [24-26].
In older healthy adults, it is not uncommon for the bolus to spend a greater length of time next
to an open airway, by pooling in the piriform sinuses and in the valleculae, than in younger
adults. This senescent change may be associated with greater risk for airway penetration or
aspiration.
Swallow safety means that no material enters the airway; one distinguishes between penetra‐
tion and aspiration. While in penetration nothing descends beyond the level of the true vocal
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cords, one speaks of aspiration when this is indeed the case with material ending up in the
tracheal structures. In healthy elderly, there seems to be an increased incidence of penetration
but not of aspiration [2, 27]. Another important clinical parameter consists of swallow
efficiency, that is, the possibility to transport a bolus through the pharynx without leaving
residue. Several studies have shown that residue both at the vallecular and the piriform sinuses
level is frequently encountered in healthy asymptomatic elderly [22, 28]. With a new technique
(Automated Impedance Manometry or AIM), it is possible to measure a Swallow Risk Index
(SRI) [22]. This index is based on a number of manometric and impedance parameters and is
clearly higher in the elderly pointing at an elevated level of swallowing dysfunction.
2.3. The esophageal phase
In 1974, it was shown that in elderly men above 80 years of age without comorbidities the
peristaltic amplitude was significantly lower than in younger controls, but without changes
in the speed or duration of the peristaltic wave [29]. The authors stated that aging results in a
weaker esophageal muscle but with intact innervation. Later on the technique to perform
manometric studies was further improved facilitating the discovery that the duration of the
peristaltic wave increases in the aged population [30, 31].
Another manometric study of healthy Japanese volunteers showed that the elderly population
(>60 years) had decreased peristaltic contraction amplitude compared to the young control
group (<49 years) [32]. But in a similarly large study comparing older (>65 years) and younger
(<45 years) patients with dysphagia, they could not find any significant difference in peristaltic
amplitude, duration, and LES (lower esophageal sphincter) pressure [33].
Finally several studies have indicated an increase in both the amount of failed peristaltic events
as well as in synchronous contractions [34].
To summarize, most studies in healthy elderly indicated that approximately 90% of these
subjects had impaired peristaltic activity, while no peristalsis at all was observed in one third
of them. Moreover the incidence of non-peristaltic contractions of the esophagus increases with
age.
In conclusion, it is not easy to compare the preceding studies due to differences in subject
population, average ages, and degree of comorbidities as well as differences in manometric
and radiographic techniques. It appears that in subjects older than 90, the majority have
comorbidities that would possibly predispose them to an esophageal motility disorder making
it difficult to distinguish whether dysmotility in this group is due to age and disease or disease
alone. In subjects aged 60 to 80, the duration of peristalsis is prolonged and the amplitude may
be lessened, although whether these findings are clinically significant remains unclear. In
healthy subjects aged from 80 to 90, esophageal muscle weakness exists but the swallow
function remains intact. Although certain parameters change significantly with aging, the
swallow safety and swallow efficiency are still adequately preserved in normal aging.
A summary of the changes can be found in Table 1.
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ORAL PREPARATORY PHASE
Altered function
No change
Compensatory functions

Loss of teeth
Chewing problems [9]
Saliva production [10]
Increased duration [8]
Increased number of chewing movements [9]
ORAL PHASE

Altered functions
No changes

Decreased functional reserve of the tongue strength [11]
Increased oral residue [12]
Tongue strength during swallowing [11]
PHARYNGEAL PHASE
At the motor level
Decreased movement of the hyoid [16]

Altered functions

Decreased pharyngeal constriction [15]
Decreased relaxation of the UES [18-21]
Reduced opening of the UES [22]
Increased duration [2, 15]
At the sensory level
Delayed swallow reflex [1, 9, 13, 16]
Decreased sensibility of the posterior pharyngeal wall [24, 25]
Downward movement of the epiglottis [16]

No changes

Active closure of the vocal cords [17]
Velopharyngeal closure [2]

Compensatory function

Increased pharyngeal contractility [18, 19]
Deglutition in general

Altered functions
No change

Increased incidence of penetration [18,26]
increased pharyngeal residue [22, 28]
No aspiration [2, 27]

3. Changes associated with normal aging, which might influence
swallowing
A holistic approach is required while studying swallowing in the elderly. Swallowing cannot
be regarded as an isolated action; one has to take into account the age-related functional decline
occurring in several body-functions and its repercussions on swallowing (figure 1).
First of all there is an age-related decrease of sense of smell and taste, which are important for
the pleasure we enjoy while eating [35-37].
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Also, some anatomical differences arise in the older person such as a smaller cross-sectional
area of masticatory muscles (masseter and medial pterygoid) and an increased lingual atrophy
[38]. Next to the anatomical changes also, functional alterations occur in the muscle activity of
the masseter, orbicularis oris, the supra- and infra-hyoidal muscles [39], and the thyroaryte‐
noid muscle [39].
The respiratory system undergoes some changes as well; there is a decreased cough reflex, a
diminished ciliary clearing, and a weakening of the respiratory muscles. These changes in
combination with a deterioration of the immune system make the elderly more prone to
developing an aspiration pneumonia.
As far as the digestive system is concerned, a delayed gastric emptying may lead to an earlier
feeling of fullness at mealtime. Recent studies have shown a decreased sensibility and an
increased stiffness of the esophagus in old age [40].
Another important issue is fatigue [41]. Fatigue, being a very common complaint in the elderly,
is often associated with functional decline and may, as well as sleeping disturbances and
depression, lead to a reduced food intake [42-44]. The elderly also often experience a declined
perception of thirst and subsequently they have a low fluid intake. Tongue strength and
endurance decline during a meal and this in combination with a diminished reserve may
negatively influence deglutition especially in already weakened elderly [45].
As people get older, the slower swallowing act may actually also be a benefit as it can allow
greater time to recruit the necessary number of muscle fibers to generate the necessary
pressures for adequate bolus propulsion through the oropharynx. Hence, speeding up an
elderly patient’s swallow may induce contradictory results, as it may lead to insufficient
swallow pressures and therefore may be contraindicated as a therapy technique.
Cognitive changes are also considered to be part of the normal aging process and cognitive
processes such as concentration, attention, and double-tasking are influenced by age. A decline
in concentration and attention together with a reduced reserve may lead to aspiration.
Moreover as eating is a social event, people tend to talk during mealtime further increasing
the risk of penetration and aspiration.
Staying physically active is associated with healthy aging, therefore elderly who are bedridden
are additionally exposed to a number of important risk factors due to the sedative life style
such as a diminished lung capacity and a weaker cough, a greater risk to develop a pneumonia,
muscle weakness, and a loss of appetite [46].
Finally, medication may also negatively influence deglutition [47]. Drugs with an anticholi‐
nergic effect may cause xerostomia while some may lead to a diminished (e.g., allopurinol,
carbamazepine, and penicillamine) or an altered (e.g., captopril lithium) taste perception.
Sedatives can reduce the level of alertness and neuroleptics may mimic the swallowing
problems encountered in Parkinson’s disease. Nitrates are relatively contraindicated in gastroesophageal, reflux disease as they lower the pressure in the lower gastro-esophageal sphincter
and steroids can not only induce a Candida infection orally but they can also provoke a steroid
myopathy. Moreover, 40% of already weakened elderly take at least one medication that is
completely superfluous [48].
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Normal aging

Presbyphagia
Decreased reserves
related to deglutition
Altered swallowing

Deterioration of the
physical and cognitive
condition

Pathological conditions

Age related problems

Pathologies associated with
oropharyngeal dysphagia

Dysphagia
Symptomatic

Medical interventions
Hospitalizations
Diseases in general

Figure 1. The relationship between presbyphagia and dysphagia

4. Implications for the clinical practice: prevention and detection of
swallowing problems
a.

Detection

In view of the high prevalence of dysphagia in the elderly and its important consequences such
as malnutrition, dehydration, aspiration pneumonia, acute food impaction, and a reduced
quality of life, it is crucial to detect swallowing problems at an early stage. Moreover, the
elderly themselves are not always aware of their deglutition problems [49]. In a study on 47
elderly women living at home a questionnaire was used to assess swallowing problems.
Participants were all observed while drinking water. Only 44% of those in whom a clinical
problem was observed admitted having experienced a deglutition problem [50]. The personnel
in nursing homes is often not well trained to detect these problems [51], while for isolated
elderly living at home this can be a challenge for their GP. When an elderly is admitted to a
geriatric ward, the geriatrician as well as the nursing staff plays a key role in detecting a
swallow problem.
In Table 2 some tips are given as to when presbyphagia is suspected and when there might be
a pathologic condition.
b.

Prevention

As prevention is always preferred over cure, an overview is here presented with the most
common preventative measures to allow a safe oral intake in the elderly.
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Symptoms indicating the presence of presbyphagia

Symptoms indicating the presence of dysphagia

Prolonged chewing in a person with no teeth or ill-fitted dentures

Significantly prolonged duration of a meal

Diminished taste

No taste

Less appetite

Important lack of appetite

The elder drinks less

Drinking fluids has become so difficult that he avoids it

The elder chokes seldom when his attention decreases

He often chokes at mealtime, coughs frequently, and/or develops a

(e.g., when talking during mealtime)

wet voice during or after a meal

In general there are no problems with eating, only hard consistencies He avoids several foods and the difficulties at swallowing may
might be a challenge

influence his quality of life

He chokes seldom on his own saliva

He is continuously coughing and has a wet voice

Advices
Pay attention to a good hygiene of the mouth
Clean your dentures adequately, make them fit well
Discard any food residue from your mouth after mealtime
Keep your mouth moist by rinsing or drinking at regular intervals
Pay attention to eat and drink moments
Avoid eating and drinking when you are extremely tired or when your concentration is diminished.
Do not speak during mealtime but start a conversation afterward.
Do not eat just prior going to sleep.
Remain in an upright position at least 5 to 10 min following a meal.
Adaptations of food
When experiencing difficulties chewing raw vegetables or some meat, you may cut it in very small pieces.
When your food tastes insufficiently, you may add some spices.
When you aspirate now and then on fluids, chilling it and adding some flavor could be a good idea.
When you aspirate now and then on your own saliva try to think to swallow it on a regular base for instance whenever you look for the
time thereby making it a habit.
Medication
Take your pills only when you are perfectly alert and sitting upright.
Remain in a prone position, at least 5 to 10 minutes.
Drink sufficient water during and after the medication.
When swallowing medication proves difficult mention it to your physician so that he can look for an alternative route of administration
(sublingual, transdermal).
General advice
Stay active
When to consult a physician in case of deglutition problems?
When you are worried
When you choke regularly
When you cough regularly during and between meals
When you eat a lot slower
When you stop enjoying to eat and drink
When you lose weight

Presbyphagia
http://dx.doi.org/10.5772/60780

5. Conclusions
Swallow safety is preserved in normal aging. Yet there are a number of changes, which bring
the elderly in a more vulnerable position. Moreover, the elderly are more frequently confronted
with events likely to provoke a deglutition problem.
All medical personnel dealing with the elderly should be alert not to miss any sign that might
suggest the presence of a swallowing problem. Finally, the elderly should receive proper
advice on how to cope with changes due to normal aging.
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1. Introduction
The management of patients with swallowing disorders must involve a team of specialists
whose work is aimed at preventing complications, ensuring a proper hydration and nutrition;
as well as the the best quality of life to the patient [1]. This is an axiom that has guided our
clinical activity for over 25 years. The goals of the team [2], in fact, can be summarized as
follows:
• Diagnostic assessment (impairment)
• Define severity (development of complications)
• Treatment options
• Rapid and usable exchange of information
• Monitoring of results achieved (also considering complications, worsening)
• Improve the quality of life of the patient (disability and handicap):
• Collection of self-assessment questionnaires of the symptom and results.
The first three goals require an instrumental assessment. In other words the definition of the
bio-mechanical events that are responsible of the deglutition disorder, have to be assessed with
one or more instrumental tools, able to define the altered or mistimed movements, or muscular
patterns, that compromise the passage of the bolus through the oral and pharyngeal cavities [3].
Simplifying such an approach, the evaluation of the clinical severity of a swallowing disorder
remains a crucial aspect to determine, when managing patients with diseases or co-morbidities
that may predispose them to respiratory or nutritional complications. The evaluation of the
risk of complications, as just mentioned earlier, is a value that synthesizes data regarding the
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patient in his/her totality, in relation to physical parameters (age, sex, race), the main pathology
or other co-morbidities, the possibilities of an ecological management of the deglutition
disorders (ie the possibility to effect behavioral strategies), also considering the wish of the
patient and of the family [1].
The systematic method of the FEES (fiberoptic endoscopic evaluation of swallowing) evalua‐
tion is reported elsewhere in this book.
In this chapter the utility of endoscopy in the evaluation of dysphagic patients, new ways to
conceive endoscopy and the correlations of endoscopy with a whole clinical context in the
attempt to determine severity, will be discussed.

2. Instruments and settings
In daily practice, an instrumental procedure is indicated in the face of any suspected dysphagia
or when a definition in differential diagnostic terms of the oro-pharyngeal situation is required.
An instrumental procedure is also indicated for patients with pathologies that carry a high risk
of complications even if they are apparently asymptomatic or when there is a discrepancy
between the subjective signs and the outcome of a bedside evaluation. Even the clinical onset
of dysphagia with complications makes an instrumental investigation of swallowing necessary
[4-13].
So: which tool ?
The local availability of resources conditions the management of these patients but the
possibility of a specialistic evaluation (carried out by a deglutologist) or the evaluation by
trained carers has to be guaranteed in all the settings where elderly or dysphagic patients are
recovered [1]. The tools, which are chosen, will be the available ones in our setting, aware that
the “human factor” is the key to the success or failure of the clinical outcome. In our experience,
the best way to manage dysphagic patients is represented by the evaluation of their swallowing
abilities by means of a non instrumental clinical evaluation (clinical swallowing assessment,
CSA) [14] and an instrumental endoscopic evaluation [15].

3. The endoscopic evaluation
Since 1988, when Susan Langmore first proposed the FEES protocol [16], the use of endoscopy
in the evaluation of swallowing, has become an extraordinary tool in the hand of clinicians,
offering a revolutionary way to observe the pharynx and the larynx during dynamic tasks
(respiration, phonation and swallowing) and during the passage of the bolus. The possibility
to test sensation is another extraordinary potentiality of the procedure. Subsequently, various
standardized protocols for the dynamic study of swallowing have been proposed [17,18] but
another advantage of endoscopy, in addition to those shown in Table 1, is exactly that of the
possibility to adapt the evaluation to any kind of patient and in any kind of setting [19].
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ADVANTAGES

DISADVANTAGES

Less invasive
Easy to perform
Well tolerated
Possible for a long time (fatigue viewing)
Portable (acute and sub-acute patients)
Routine
Economic
FEES

Therapeutic feed-back
Decision making of oral feeding
Natural foods
Direct visualization of structures
Motor and sensory activities

Pharyngeal phase only
White-out
Indirect consideration about
- Oral
- Esophageal phase
Fear and discomfort
Poor vision in repeated swallowing acts
Not possible if changes in upper airway

Three-dimensional similar view
Optimal pooling evaluation
Pooling management viewing
Invasive (radiological exposure)
Uncomfortable execution
Environment and suitable personnel
VFSS

Whole deglutition evaluation
Time parameterization

Expensive
Bi-dimensional view (under estimation of pooling
matter)
Motor activity only (reaction to aspiration, if
documented)
Fatigue evaluation missing

Table 1. Advantages and disadvantages comparison between VFSS and FEES [19]

Firstly FEES has been compared and contrasted to VFSS (video-fluoroscopic study of swal‐
lowing) proposed by J. Logemann [20], an examination nowadays considered the instrumental
gold standard for the study of swallowing. Compared to VFSS, FEES redeemed itself in terms
of sensitivity, specificity and predictive values, if we consider its ability to identify aspiration
as the main sensory-motor event linked to dysphagia and the leading cause of airway com‐
plications [21,19]. In a more recent period, the role of VFSS, as the instrumental gold standard,
has been questioned [22].
Studies that have compared VFSS and FEES show that both procedures are comparable and
have equivalent values of sensitivity, specificity and predictive abilities [23-30]. A more proper
approach is to consider these two examinations as complementary [21]. The availability of
both, allows the clinician to choose the method most appropriate to each case, relating to the
required information. FEES also shows a considerable versatility in the management of the
patients, of the multidisciplinary team and of the therapeutic process. The fact that it can be
performed at the bedside, in any clinical condition and repeated over time, according to
changing clinical needs, makes it an optimal method in the follow-up of any patient (Table 1).
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4. The procedure
As previously said, the systematic method of FEES evaluation is reported elsewhere in this
book. In the following paragraph, there is only a reference to the main steps of the evaluation
that are summarized in Table 2. The most important step, in the endoscopic procedure, is the
evaluation of the correlations existing between the morphological and functional findings; a
few considerations follow. What must be remembered is that the anatomy influences the
function, and the function influences the behavior of the structure to the passage of the bolus.
In other words the safe functioning of the effectors of swallowing can be inferred evaluating
the anatomical shaping of the effectors and the ability of the structure to support the passage
of the bolus through the pharynx subsequently inferred by their functional abilities.
EVALUATION

SITE
- Tumor
- Ulcer
- Erythema
- Morphological defects

Morphological

- Hypertrophy
- Hypotrophy
- Atrophy
- Asymmetry
- Pathological events at rest
- Symmetry

Functional

- Reduced speed of movement
- Reduced range of movement
- Altered coordination
- Velo-pharyngeal closure

Epi-pharynx (soft palate)
Meso-pharynx (tongue base)
Hypo-pharynx (larynx)

- Base of tongue retraction
Motor activities

- Pharyngeal movements
- True vocal cords movements
- Sphincterial activity
- Color

Pooling dry swallows

- Viscosity
- Awareness
- Patient reaction
- Dry swallow frequency

Sensation

- Reaction to the endoscope
- Reaction to light touch of structures

Table 2. Main parameters of anatomical and functional assessment.

Endoscopic Criteria in Assessing Severity of Swallowing Disorders
http://dx.doi.org/10.5772/60836

Sensation is a crucial factor, strongly influencing the safe passage of the bolus through the
cavities. A copy of the peripheral sensation is sent in parallel to the cortex and to the brainstem,
to coordinate the neuro-motor activity of the muscular effectors of the oral cavity, pharynx
and supra-hyoid muscles. Table 3 and Fig.1 represent the central and peripheral interaction
between sensation and motor activities.

ANATOMY
Subglottic Pressure
Thermal
Gustative
Proprioceptive

- The position at rest of the
epiglottis affects the volume of the
vallecule, predisposing to anterior
penetration
- The position at rest of the
arytenoids conditions the volume of
CORTEX
retro-cricoid space, predisposing to
posterior episodes of penetration

SENSIBILITY

- The height of the aryepiglottic
folds conditions the volume of the
BRAINSTEM

pyriform sinuses, predisposing to
lateral episodes of penetration
-

The

anterior-posterior

and

traverse diameters of the hypopharynx

(in

relation

to

the

dimension of the larynx), condition
the volume of the hypo-pharynx
and

in

general

the

maximum

volume through which the bolus
passes.

MOTOR ACTIVATION

Table 3. Central and peripheral interaction between sensation and motor activities.

The stimulation of sub-glottic receptors may possibly act as a signal for the central nervous
system that the larynx is “ready” (that is protected) for the bolus passage into the pharynx and
this signal may, at the same time, influence the low motoneurons of the brainstem innervating
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Figure 1
Interaction of subglottic pressure among respiration, deglutition and phonation.
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BREATHING

DEGLUTITION

Lung
volumes

=

LARYNGEAL
SPHINCTER

P subglottic

Larynx
protected

Subglottic Receptors

Respiratory
phase
Force, speed, duration
of muscle contraction

Pharyngeal,
Suprahyoid
muscles
Oral cavity

PHONATION

OESOPHAGUS
Bolus:

Pitch
Loudness

Oesophagoglottic
reflex

chewing,
formation,
propulsion

Figure 1. Interaction of subglottic pressure among respiration, deglutition and phonation.

the pharynx (“on line” processing) [31]. As a result of the neuro-anatomical connection
between subglottic receptors and motor neurons for pharynx and larynx, the feedback from
subglottic receptors may presumably affect the recruitment of motor neurons in the brainstem
capable of activating the pharyngeal muscles during swallowing so that the force, speed and
duration of the muscular contractions are regulated by the closing of the larynx. This feedforward system may detect that a sensory input (subglottic pressure) has not been received
and control a function (swallowing) by increasing the cortical processing thereby ensuring a
safe passage of the bolus into the esophagus. Cortical processing would thus account for a
prolonged muscular contraction [32].

5. New ways to conceive endoscopy
As previously mentioned, the role of VFSS as the instrumental gold standard, has been
questioned. This in relation to the possibility of a direct endoscopical evaluation of the oral
and esophageal stages of swallowing [22].
Oral FEES (O-FEES) and the esophageal FEES (E-FEES) have been introduced. The E-FEES is
possible by means of the introduction of a 70 cm endoscope into the esophageal cavity
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(endoscope in deep position) (Table 4). In this stage the procedure, with the same morpho‐
logical and functional goals of FEES for the pharynx, has been known since 1994 (trans-nasal
pharyngo-esophago-gastroduodenoscopy: T-EGD) [33]. Later Hermann first performed the
test with bolus [34]. With shorter instruments, and where the study of the stomach or duode‐
num is not required, a trans-nasal examination of the esophagus is possible (trans-nasal
esophagoscopy – TNE). TNE as a procedure also used for many years in the instrumental
evaluation of patients with ENT complaints [35]. In a short time it became an office practice,
performed on outpatients without anesthesia. Several protocols have been proposed [36-38]
for patients with bolus or other complaints of gastroesophageal reflux diseases. The application
of the procedure in patients with voice problems or other signs of laryngopharyngeal reflux
(LPR) and swallowing disorders is limited [39]. The procedure allows for a perfect viewing of
the esophageal wall and its movements, up to the cardias and of the functioning of the
esophageal sphincters. With the tip of the endoscope in a retrograde position, retracting the
instrument close to the upper part, a direct back viewing of the upper esophageal sphincter
and its dynamics during different tasks (swallowing, belching, Valsalva) is possible. TNE also
permits the evaluation of the role of saliva, bile and gas during swallowing and digestion,
aside from testing the effects of reflux on the upper digestive and respiratory tracts. Finally, it
allows for the proper placement of catheters before functional pharyngeal or esophageal
assessment [22, 34].
The term E-FEES could be used in similarity to the new term of O-FEES, proposed for the
endoscopic evaluation of the oral stage of swallowing.
O-FEES is performed using an endoscope with a reversible tip of 180°, starting from a position
intermediate between the high and low (in relation to the anatomy of the patient). In this
position it is possible to intercept the soft palate and introduce the tip of the instrument into
the oral cavity (anterior position or retrograde position) (Fig. 2). From this position, it is possible
to see an inverted image of the oral cavity and its content, up to the teeth and lips, if kept open.
With the tip retroflexed and by retracting the endoscope by a few centimeters (anterior posterior
position) (Fig. 3), the coana with the instrument emerging from the nasal cavity, can be seen.
The glosso-palatal port is, thus, visible in a dorsal viewing. Even from the tip in these positions,
it is possible to obtain static (anatomical) and dynamic (phono-articulatory) information and
test sensation. More information is collected during the bolus tests: bolus preparation (Fig. 4)
and propulsion (Fig. 5) can be checked directly, as well as bolus entering into the pharyngeal
cavity. Any kind of consistency can be tested, checking oral preparation and propulsion. The
passage of the bolus through the fauces is not visible, because of the presence of the white-out,
as happens during pharyngeal transit as viewed with the tip in the high position. After the
tests with bolus and with the tip in the anterior position, the presence and location of residue
(on the hard palate, gums, alveoli, tongue) can be verified (Fig. 6) [22].
With O-FEES and E-FEES variations, the functional assessment of the effectors of swallowing
is complete. A trace of the functional assessment is reported in Table 4.
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Static evaluation

Dynamic evaluation

Sensation

Morphology of:
- Nasal cavities
- Rhinopharynx
NASAL-RHINOPHARYNGEAL - Pathological muscular activities
(naso-rhino-pharynx)
Pooling site:
. Nasal cavities
. Rhynopharynx
. Tubal ostium

Speech
Velo-pharyngeal sphincter :
- Velum deviation
- Gap of closure
- /s/ forced
Deglutition
- Nasal regurgitation

General of the area:
- Reaction to the endoscope
- Reaction to light touch of structures
Pooling
- Perception
- Cleaning efforts
- Cleaning effectiveness

HIGH
(meso-pharynx)

Morphology of:
- Base of tongue
- Pharyngeal wall
- Pathological muscular activities
Pooling site:
. Valleculae
. Pyriform synus
. Post-pharyngeal wall
. Retro-cricoidal space

Speech
- Base of tongue: retraction
. /l/ ball
. /k/ cocco
- Pharyngeal wall deviation:
. /e/ strained
. /e/ repeated
Deglutition (dry swallowing)
- Base of tongue movements
- Pharyngeal movements

General of the area:
- Reaction to the endoscope
- Reaction to light touch of structures
- Gag reflex (base of tongue)
Pooling
- Perception
- Cleaning efforts
- Cleaning effectiveness

ANTERIOR (retrograde)
(oral cavity)

Morphology of:
- Tip, medium and base of tongue
- Hard palate and gums/teeth
- Lips
Pooling site:
. Hard palate
. Tongue: tip, medium, base

Speech
- Tongue movements:
. /ka/ repeated
- Lips movements :
. /pa/ repeated
Deglutition (dry swallowing)
- Medium, base of tongue movements

General of the area:
- Reaction to the endoscope
- Reaction to light touch of structures
- Gag reflex (tongue)
Pooling
- Perception
- Cleaning efforts
- Cleaning effectiveness

ANTERIOR POSTERIOR
(oral cavity)

Morphology of:
- Base of tongue
- Soft palate (superior face)
- Glosso-palatal seal
- Coana
Pooling site:
. Hard palate
. Tongue: body, base

LOW
(hypo-pharynx)

Morphology of
- Hypo-pharynx
- Larynx during respiration
- Pathological muscular activities
Pooling site:
. Sopra-glottic
. Glottic
. Sub-glottic
. Cervical trachea

DEEP
(esophagus)

Morphology of
- UES
- Body
- LES

Endoscope position

Speech
- Tongue movements:
. ka/ repeated
- Palate movements
. /ma/ repeated
Deglutition (dry swallowing)
- Tongue movements
- Palate movements
- Pharyngeal movements
Speech
- Glottic closure:
. /a/ strained
. /a/ repeated
- Posterior commissure deviation
. /a/ strained
. /a/ repeated
- Glottic opening:
. Sniff
- Vocal quality
Sphincterial activities
- True vocal cords closure:
/a/ strained (time)
- False vocal cord closure:
. /a/ forced
. Glide up /ee/
. Valsalva
. Cough
- Epiglottis inversion:
. Dry swallows
Sphincterial activities
- UES
. Valsalva
. Cough
. Belching
. Dry swallows
- LES
Muscular activity
- Body

Table 4. The main steps of the anatomo-functional evaluation

General of the area:
- Reaction to the endoscope
- Reaction to light touch of structures
- Gag reflex (tongue)
Pooling
- Perception
- Cleaning efforts
- Cleaning effectiveness

General of the area:
- Reaction to the endoscope
- Reaction to light touch of:
. Aryepiglottic folds
. Arytenoids
. True vocal folds
. False vocal cords
Pooling
- Perception
- Cleaning efforts
- Cleaning effectiveness

General of the area:
- Reaction to the endoscope
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Also the tests with bolus can be modified and enriched by O-FEES and E-FEES, as synthesized
in Table 5. (UEP: upper esophageal sphincter; LES: lower esophageal sphincter)
PHASE

SENSORY-MOTOR EVENT

Bolus tests: different volumes and consistencies
ORAL
Endoscope in anterior position
Endoscope in anterior-posterior position
Endoscope in high position
Linguo-palatal sphincter competence
Tongue movements
Tongue propulsion
Oral transport
Total time

WHITE OUT
Spillage (premature bolus falling)
Bolus preparation
Bolus propulsion
Bolus flow
Site of pharyngeal reflex onset
Pre-swallow penetration
Pre-swallow aspiration

PHARYNGEAL
Endoscope in high and low position

WHITE OUT

Velo-pharyngeal closure
Vocal cords closure
Laryngeal elevation
Epiglottic inversion

Bolus flow
Site of pharyngeal reflex onset
Pre/intra-swallow penetration
Pre/intra-swallow aspiration

Laryngeal returns low
Epiglottis returns to rest

Pooling evaluation (site, amount, management):
Post-swallow penetration
Post-swallow aspiration
Awareness
Dry swallows
Clearing
Gurgling
Cough with/without emission residues
Effective management (larynx/trachea cleaned)

ESOPHAGEAL
Endoscope in deep position
Endoscope in deep retrograde position
Peristaltic activity
Sphincters activity

WHITE OUT
Bolus flow

Bolus delivery
Figure 2 Anterior or retrograde
position: the oral cavity is directly visib
Bolus pooling

Table 5. Main sensory motor events of swallowing induced by the bolus [22, modified]

rotated 180° to obtain viewing equal to the real one and make the images m

Figure 2. Anterior or retrograde position: the oral cavity is directly visible (all the following photographs have been
rotated 180° to obtain viewing equal to the real one and make the images more easily interpretable).

Figure 3 Antero‐posterior position: the soft palate is lifted from the base of
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Figure 3 Antero‐posterior position: the soft palate is lifted from the base of the tongue or lowered.

Figure 3. Antero-posterior position: the soft palate is lifted from the base of the tongue or lowered.

Figure 5 Anterior position: bolus propulsion.
Figure
5 Anterior position: bolus propulsion.

Figure 4. Anterior or retrograde position: bolus preparation.

Figure 5. Anterior position: bolus propulsion.
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Figure 6 Anterior position: tongue clearing of material coating the oral cavity.

Figure 6. Anterior position: tongue clearing of material coating the oral cavity.

6. Endoscopy with a whole clinical context and severity
Returning to our topic, it can be assumed that those parameters that express inefficient or
unsafe swallowing are markers of severity: respectively residue and false routes (airway
invasion). An efficient and safe swallowing expresses the perfect balance between events that
occur in the domain of time and space, domains in which vector forces guarantee that defensive
strategies are put in place to protect the airways, or cleanse the containment cavities from the
bolus passing through them [40]. The anatomo-functional evaluation and the tests with bolus,
resumed earlier, offer several points for reflection. Residue or material pooling into cavities
(before or after the tests with bolus) are powerful indicators of disturbed swallowing, predis‐
posing the patient to airway invasion [41]. Material pooling and residue were used to develop
scores, variously used in clinical practice. There are several scores in the literature, with
severity criteria divided into 4 or 5 levels and this division does not seem to interfere with the
inter-intra rater reliability of those scores [42, 43]. In 2008 the P-score was introduced [44]. In
the development of this score, pooling is considered in a broader sense, as any material that is
present in the containment cavities of the hypo-pharynx and larynx, before and after the act
of swallowing. The severity criterion proposed by the score (Table 6) takes into account
anatomical parameters: site, identified by anatomical landmarks; amount: determined in a
semi-quantitative way by the amount of pooling materials (coating, more or less than 50% of
cavity containment capacity); management, as well as the efficiency of secretion management,
considering the number of dry swallowings performed by the patient, either spontaneously
or upon request of the clinician involved in the assessment. The effectiveness of gargling, throat
clearing or coughing is considered in the same way.
In clinical practice, the P-score may be integrated with other parameters of the clinical
swallowing evaluation (CSE), that are more easily determined: age, sensation of the pharynx,
patient collaboration. These parameters are considered in the P-SCA score (pooling-sensation,
collaboration and age score) as those able to mitigate the severity criteria expressed by the
endoscopic evaluation alone (see earlier and [44]). The inter-rater and intra-rater reliability of
the P-score has recently been determined [40]. Four judges with long-standing experience in
the use of endoscopy, and after a training session, evaluated 30 films (the pharyngeal transit
of boluses with different consistency) of 23 subjects with swallowing disorders. The films,
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randomly recorded on two different CDs, were viewed three times: a first time, after 24 hours
and after 7 days. Inter and intra-rater reliability was calculated through the intra-class
correlation coefficient ICC(3,k) individually for site, amount, management and the total score.
As for the items site, amount, management and total P-score, the ICC(3,k) was 0.999, 0.997,
1.00, and 0.999, respectively. The analysis of variance showed no statistically significant
dependency determined by the consistency in the differences detected.
As regards the domains previously mentioned, we have that in the time domain, the score may
identify events that occur before or after swallowing; indeed, part of the material pooling that
has not been swallowed during the previous swallow, becomes a bolus for the next swallow,
with a different volume. The P-score considers the sequence of swallowing in the “manage‐
ment”, evaluating the fate of a bolus that persists in the pharynx after five empty swallows. In
the space domain, where forces are in action, the P-score identifies the pathway and the flow
of the bolus: the pathway is identified by the direction along the digestive or respiratory tracts,
as well as false route (penetration or aspiration); the flow is indicated by the amount of bolus
that does not cross the pharynx while swallowing.
The events that occur in these domains together with vectorial forces, may be integrated in
different ways, generating a very wide range of possibilities. For instance, the dynamic vectors
and volumetric aspects, considered by the score, allow for information to be obtained on the
reaction of the patient to airway invasion (management): the occurrence, or absence, of dry
swallowing, cough or throat clearing, in response to the transit of the bolus in the larynx or in
the cervical trachea before, during or after swallowing is considered.

Pooling

Site

Amount

Management

Score

Bedside parameters

Endoscopic landmarks
Valleculae

1

Marginal zone

1

Pyriform sinus

2

Vestibule/vocal cords

3

Lower vocal cords

4

Coating

1

Minimum

2

Maximum

3

<2

2

2 ><5

3

>5

4

P 4-11

Sensation

Collaboration

Presence = - 1

Presence = - 1

Absence = +1

Absence = +1

Age (years)

+1 (<65)
+2 (65-75)
+3 (>75)

P-SCA 3-16

Table 6. P-score and P-SCA score

The P-score expresses, as a numerical value, a continuum of severity that in clinical practice
may be used in different ways, with correlations that still have to be verified (Table 6).
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Therefore, a minimum score (P-score 4_5) may indicate the absence of endoscopic signs of
dysphagia. A low score (P-score 6_7) may identify mild dysphagia, a medium score (P-score
8_9) moderate dysphagia, and a high score (P-score 10_11), severe dysphagia. The score refers
to a specific type of consistency and volume, and may change according to these. A similar
subdivision can be made for the P-SCA score (for more details see [44]). In this way, it is possible
to give clear indications with reference to treatment, or make comparisons before and after
treatment.
Anatomical landmarks and bedside parameters with relative values.
P: pooling P-SCA: pooling _ sensation, collaboration, age
P score:
45 = minimum score, corresponding to no dysphagia
6_7 = low score, corresponding to a mild dysphagia
8_9 = middle score, corresponding to a moderate dysphagia
10_11 = high score, corresponding to a severe dysphagia
P-SCA score:
3_4 = minimum score, corresponding to no dysphagia
5_8 = low score, corresponding to a mild dysphagia
9_12 = middle score, corresponding to a moderate dysphagia
13_16 = high score, corresponding to a severe dysphagia.

7. The integrated clinical evaluation
The instrumental criterion of severity (endoscopic or radiological) needs to be contextualised
according to a more general clinical criterion of severity, of the patient and of the swallowing
disorder, considering that the non-instrumental assessment tends to underestimate the risk of
aspiration, whereas the instrumental assessment tends to overestimate it [45].
It is therefore a relative criterion, which is identified through its parametrization. In clinical
practice, aspiration is the most significant event that marks a swallowing disorder, yet it is not
the only one. It is worth considering that during an instrumental assessment, we check the
outcome of a very low number of swallowing acts, compared to the number of swallowings
that are performed, for instance, during a meal or a whole day. It should be considered that
many variables affect the successful outcome of pharyngeal transit of a bolus (Table 3).
Swallowing patterns may be modified in real time in response to the functional status of
swallowing effectors, in their turn related to sensation, volume, consistency and position of
the bolus in the mouth when the pharyngeal reflex is elicited.
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In 2008 [46], in a perspective study, the P-score and the P-SCA score (Table 6) were applied to
a sample of 556 consecutive patients (inpatients and outpatients, 318M/238F, mean age
65.56±10.36 years), seen at our Swallowing Centre.
The correlation between the two tests was determined by the Spearman correlation coeffi‐
cient. The agreement between the two scores has been calculated (Cohen’s Kappa) consider‐
ing the categories of risk corresponding to the totalized scores (no dysphagia, mild,
moderate, severe). The categories of risk individualized with the two scores have been stud‐
ied with the aim to underline possible systematic divergences in the attribution of the se‐
verity to the cases. Subsequently, the P-score and the P-SCA score were dichotomized,
dividing the patients without risk from those with middle and high risk of aspiration. By the
comparison of the dichotomic scores with the result of the FEES evaluation (considered as
gold standard), the values of sensitivity and specificity have been obtained.
The results of this study documented a close correlation between the P-score and P-SCA
score (rho=0.88) (Table7): The correlation is significant (p<0,001).
The agreement among the scores as regards the categories of risk attributed results discrete
(Cohen’s Kappa=0,46 p <0,001).

5

Pscore

10

15

Lowess smoother

0

84

0

5

10

15

P-SCA
bandwidth = .8

Table 7. Correlation between P-score and P-SCA score

The double Table 8 shows how the two scores have classified the patients in the different
categories of risk.
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P-SCA score
P-score
No
Mild
Moderate
Severe
Total

No

Mild

Moderate

Severe

Total

163

100

0

0

263

61.98

38.02

0.00

0.00

100.00

11

139

0

0

150

7.33

92.67

0.00

0.00

100.00

0

43

35

0

78

0.00

55.18

44.87

0.00

100.00

0

12

20

1

33

00.0

36.36

60.61

3.03

100.00

174

294

55

1

524

33.21

55.61

10.50

0.19

100.00

Table 8. Double table comparing the P-score and the P-SCA score and the classification of risk.

The table shows that the P-SCA score tends to "increase" the severity in the category with lower
risk, while in those with higher risk it tends to be more cautious, attributing a category with
lower severity in comparison to P-score. Overall the patients classified as at risk of aspiration
by the P-score are 50%, while the P-SCA score considers at risk 67% of the patients. Comparing
the two scores it is shown that the P-SCA score tends to have a lower value than the P-score
(Wilcoxon signed-rank test p<0.001) (Table 9).
Frequency

Percentage

P-score
No dysphagia

264

At risk

261

49.71

525

100.00

No dysphagia

174

33.21

At risk

350

66.79

524

100.00

Total

50.29

P-SCA score

Total
Table 9. P-score and P-SCA score and risk of aspiration

The judgement expressed by the scores has been dichotomized setting the cut-off point
between patients without risk and those with any kind of risk, with the purpose of comparing
the evaluation of the scores with the result of the FEES (gold standard) regarding “aspiration”
and to get for both, values of sensibility and specificity.
The P-score has reached values of sensibility of 96% and specificity of 60%, with an area
underlying the ROC curves of 0.78, while the P-SCA score has reached values of sensibility of
98% and specificity of 40%, with an area underlying the ROC curves of 0.69. With such
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dichotomization, the P-SCA score recognizes more patients at risk, resulting more sensitive
than the P-score, but also less specific (more false positive).
In conclusion, the assessment of patients with deglutition disorders has to consider as many
elements as are available from the clinical and instrumental evaluation (integrated clinical
evaluation).
The possibility of an instrumental evaluation sharpens the diagnostic precision with margins
of error that vary for every procedure, but with the possibility of over estimating the risk of
aspiration. In fact, patients with higher risk according to the P-score are attributed by P-SCA
score to lower risk categories. Both have a high sensibility to individualize patients with a risk
of inhalation from minimum to high. Nevertheless, the P-score is more specific, more skilled
in recognizing the false positive and therefore more reliable in correctly classifying patients
without dysphagia and patients with a risk of any degree of dysphagia.
In other words, while in patients considered without risk by the P-score, the clinical variable
considered by the P-SCA-score increases the evaluation of the risk, in patients classified by Pscore in the categories of higher severity, the evaluation of such clinical variables tends to
mitigate the judgement expressed by the P-score and to put back patients into the categories
with lower risk.
The association of endoscopy and elements of the CSE in the evaluation of the severity of
dysphagia, tends to mitigate the gravity of the clinical case, allowing a more careful estimate
in a routine clinical context.

8. Conclusions
In conclusion, some observations can be made.
The first consideration is that a criterion of severity must be a complete clinical criterion, which
considers as many elements as possible from the clinical non-instrumental and instrumental
evaluation. In general, any event leading the team to modify the treatment programme already
decided, can become element of severity. As previously said, the only CSE, however well
conducted, may underestimate the severity of a swallowing disorder in relation to the inability
to directly see the effectors of swallowing and their behavior during the passage of the bolus.
The contribution of the instrumental examination, in this issue, is essential: It shows the
clinicians what happens inside the effectors during the passage of the bolus, but it tends to
overestimate the severity of the disorder, inducing in the risk of generalization of patterns that
may not reflect the real functional status of the effectors.
The endoscopic examination is a versatile and well-tolerated tool, which promptly facilitates
and ratifies the team's activities. The latest developments of the endoscopic investigation with
the possibility of a direct visualization of the oral (O-FEES) and the esophageal (E-FEES) phase
of swallowing makes FEES more complete and brings it closer to the radiological gold
standard.
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Compared to VFSS, endoscopy allows for an optimal viewing of the effectors, making us
appreciate all the anatomical variations that can affect the passage of the bolus. The interpre‐
tation of the biomechanical events resulting from this passage should enable the clinician to
estimate behaviors useful for therapeutic purposes.
Taken together, all this information will provide us with a complete criterion of severity, able
to guide the team towards effective activities and improve the QOL of the patient.
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Chapter 5

Endoscopy for Diseases with
Esophageal Dysphagia
Hiroshi Makino, Hiroshi Yoshida and Eiji Uchida
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/60909

1. Introduction
The Standards of Practice Committee of the ASGE prepared the data to update the previous
ASGE guidelines [1]. Guidelines for the appropriate use of endoscopy are based on critical
reviews of the available data and the expert consensus on the guidelines when they are drafted.
Esophagogastroduodenoscopy (EGD) is an effective tool for the diagnostic evaluation and
management of patients with dysphagia. Varadarajulu reported a diagnostic yield of 54% with
EGD in the initial evaluation of patients aged >40 years who presented with dysphagia and
concomitant heartburn, odynophagia, and weight loss [2]. The American Gastroenterological
Association (AGA) previously reviewed the treatment of patients with dysphagia, which is
caused by benign disorders of the distal esophagus [3,4]. The most important examination for
these diseases is endoscopy. Specimens of esophageal lesions obtained by biopsy and brush
cytology may be used to establish a diagnosis of neoplasms or specific infections [5]. Malignant
esophageal tumors are also diagnosed by biopsy on endoscopy. Endoscopic evaluation is
recommended for most patients with dysphagia of the esophageal origin as an effective means
of establishing or confirming a diagnosis, seeking evidence of esophagitis (excluding malig‐
nancies), and implementing therapy when appropriate.
The AGA has recommended endoscopic dilation by both bougie and balloon for the endo‐
scopic management of diseases involving dysphagia [3,4], but more recent reports also
describe therapy by endoscopic injection of corticosteroid, triamcinolone, or botulinum, or
endoscopic fundoplication for GERD. Peroral endoscopic myotomy (POEM) is another new
endoscopic procedure used for the treatment of achalasia.
In this review we report the usefulness of endoscopy for the evaluation and management of
diseases involving dysphagia.
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2. Evaluation
The most common causes of esophageal dysphagia are listed in Table 1.
Endoscopic dilation
Bougie

Other endoscopic treatments

Balloon

Benign diseases

Yes

Peptic stricture

Yes

Transoral incisionless fundoplication
Radiofrequency ablation
Injection of corticosteroids or triamcinolone

Schatzki ring

Yes

Esophageal web

Yes

Eosinophilic esophagitis

Yes

Caustic injury

Yes

Anastomotic stricture

Yes

Radiation injury

Yes

Drug-induced stricture

Yes

Postendoscopic therapy stricture

Yes

Electrocautery incision with a needle-knife
papillotome

Biodegradable stent

Malignant diseases
Head and neck tumor
Esophageal carcinoma (adeno and
squamous cell)
Extrinsic compression

No

Self-expanding metal stents (SEMS)

Yes

Self-expanding metal stents (SEMS)

No

Self-expanding metal stents (SEMS)

Yes

Peroral endoscopic myotomy (POEM)

Motility disorders
Achalasia

Injection of botulinum toxin
Diffuse esophageal spasm

No

Table 1. Common diseases of esophageal dysphagia and endoscopic management
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The acceptance of endoscopy as a gold standard for testing for mucosal disease may bias
evaluations of the sensitivity of other diagnostic modalities. Given that endoscopy was used
as the gold standard for mucosal disease, the sensitivity of radiology could not have exceeded
that of endoscopy [3].
If the patient history, barium swallow, or both suggest achalasia, manometry to confirm the
diagnosis should generally precede the endoscopic evaluation, to better prepare for endo‐
scopic therapy.
2.1. GERD: Peptic esophageal stricture
White light endoscopy is now the standard investigation procedure for identifying esophageal
injury. An experienced endoscopist who takes the time to methodically inspect the esophagus
is generally expected to succeed in diagnosing reflux esophagitis. There has been evidence,
however, of interindividual variability in the endoscopic diagnosis of erosive reflux esopha‐
gitis and other lesions of the upper gastrointestinal tract. Krugmann reported detailed
endoscopic findings for GERD [4]. Peptic esophageal stricture as a consequence of gastroeso‐
phageal reflux disease is the most frequent among benign esophageal strictures [6]. The typical
case of peptic esophageal stricture is shown in Figure 1. There are multiple etiologies for benign
esophageal stricture or stenosis, but the most frequent is the peptic stricture resulting from
pathologic acid exposure in GERD. Dysphagia is a common symptom. When dysphagia is
encountered, accurate diagnostic procedures (barium esophagogram, upper endoscopy with
biopsies) have to be performed to exclude malignant causes first. Strictures can be divided into
two categories anatomically: “simplex” or “complex.” The former are short, focal, nonangu‐
lated, and wide enough to allow an endoscope to easily pass through. The latter are long and
angulated, with a severely narrowed diameter. The strictures are also sometimes scored based
on three parameters to optimize the therapeutic decisions: the stricture diameter, stricture
length, and degree of difficulty of stricture dilation [7]. After this scoring, the stricture can be
classified as type I (mild), type II (moderate), or type III (severe or critical). This classification
is also useful for predicting the most appropriate therapeutic option.

Figure 1. Peptic structure
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2.2. NERD (Nonerosive Reflux Disease)
NERD is a subcategory of GERD characterized by troublesome reflux-related symptoms in the
absence of esophageal mucosal erosions or breaks on conventional endoscopy, without recent
acid-suppressive therapy [8]. Most patients with typical reflux symptoms show no evidence
of erosive esophagitis on endoscopy. Upper gastrointestinal endoscopy is required to establish
a diagnosis of NERD. Further investigation is required when alarming symptoms are present.
Routine random biopsy is not currently recommended for the diagnosis of NERD. Additional
diagnostic information is provided by ambulatory 24-hour intraesophageal pH-metry and
impedance measurement with reflux-related symptom correlation.
2.3. Schatzki ring and esophageal web
Narrowing of the esophagus can be due to either a benign or malignant stricture formation,
webs (mucosa or submucosa alone), or rings (mucosa, submucosa, and muscle). Esophageal
rings and webs are both membranous structures in which a thin fold of tissue creates at least
a partial obstruction of the esophageal lumen. Esophageal webs usually measure 2–3 mm wide.
The obstruction is a smooth extension of normal esophageal tissue made up of mucosa or
submucosa alone. Webs can be found anywhere along the esophagus, but classically they
appear in the anterior postcricoid area of the upper esophagus. A web at this site constitutes
the Paterson Brown–Kelly syndrome, otherwise known as Plummer–Vinson syndrome in the
USA [9].
Esophageal rings are concentric, smooth, thin extensions of normal esophageal tissue, usually
3–5 mm thick. They consist of mucosa, submucosa, and muscle. Rings are often detected
incidentally at barium studies or endoscopy. There is no sex difference in the incidence of rings
overall, though multiple rings are usually found in young men. Rings are classified as types
A, B, and C [9]. The A ring, an uncommon type located a few centimeters proximal to the
esophagogastric squamocolumnar junction, is thought to be caused by normal physiologic
smooth muscle contractions. The B ring (more commonly known as Schatzki ring) is actually
a web, as it involves only mucosa and submucosa and tends to appear in the distal esophagus
and as the proximal part of a hiatus hernia. The B ring is nonprogressive and usually presents
in patients aged over 50 who experience intermittent dysphagia to solid food over periods
spanning months or years. The C ring, another rare type, is found in the most distal portion
of the esophagus. On X-ray, the C ring manifests as an indentation caused by diaphragmatic
crural pressure. A and C rings are both unlikely to be readily seen on upper endoscopy. Hence,
the B ring (Schatzki ring) is the most common esophageal ring found on either esophagogram
or endoscopy. Schatzki rings rarely cause symptoms. Overall, esophageal rings with luminal
narrowing significant enough to cause symptoms (13 mm or less) are seen in only about 0.5%
of all esophagograms.
2.4. Head and neck tumor and esophageal tumor
A core cancer-specific symptom of head and neck tumors is difficulty in swallowing [10]. Most
patients with tumors of the head and neck or esophagus present for medical attention because
of dysphagia.
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Among the many symptoms of esophageal cancer, dysphagia may have an especially adverse
effect on quality of life (QOL) [11]. Dysphagia is the predominant symptom in more than 70%
of patients with esophageal cancer. The optimum management of dysphagia caused by
advanced primary EC has not yet been established, although continued progress toward this
goal has been achieved in recent years.
Apart from the weight loss that may result, an inability to swallow comfortably or a tendency
to regurgitate food may spoil meals shared with families and friends or induce patients to
withdraw from social situations.
Granular cell tumors and solitary fibrous tumors of the cervical esophagus also cause dys‐
phagia [12, 13].
2.5. Eosinophilic esophagitis and infection
The incidence of eosinophilic esophagitis (EoE) is registering an increase in adults. An allergic
reaction to food is now established to play an important role in its etiology, and dietary
interventions and biologic agents to block the inflammatory cascade are thought to hold
promise as novel fields of clinical research. Biopsies should be obtained from the proximal and
distal esophagus to evaluate for eosinophilic esophagitis in patients who present with
dysphagia together with endoscopic findings suggestive or not suggestive of EoE, and also in
patients without esophageal mechanical obstruction. Patients usually present with dysphagia,
food impaction, and/or reflux-like symptoms, and biopsy of the esophagus typically shows
more than 15 eosinophils per high-power field [14]. The dysphagia predominantly seen in EoE
has been attributed to both organic and nonorganic (i.e., motility) disorders. Endoscopically,
a normal-appearing esophagus is usually incompatible with a diagnosis of EE, although the
findings can be subtle. EGD findings implicative of EoE include an attenuation of the subepi‐
thelial vascular pattern, linear furrowing (possibly extending along the whole length of the
esophagus), surface exudates composed of eosinophils, or abscesses or strictures [15,16].
Endoscopic evaluation of the gastrointestinal tract remains a cornerstone of diagnosis,
especially in patients with advanced immunodeficiency who are at risk for opportunistic
infections (OIs) [17]. Infectious esophagitis may be caused by fungal, viral, bacterial, or even
parasitic agents [18]. Acute onset of symptoms such as dysphagia and odynophagia is typical
of this condition. Candida esophagitis most commonly appears in patients with hematologic
malignancies or AIDS, or who use steroids for the treatment of disorders. Candida esophagitis
is usually diagnosed when white mucosal plaque-like lesions are seen on esophagogastro‐
duodenoscopy. HSV esophagitis occurs most frequently in solid organ and bone marrow
transplant recipients.
The diagnosis of herpes simplex virus esophagitis is usually based on endoscopic findings
confirmed by histopathological examination. Well-circumscribed ulcerous lesions with a
"volcano-like" appearance may appear in the mucosa of the distal esophagus, typically with
diameters of less than 2 cm. Diffuse erosive esophagitis may also be present.
Cytomegalovirus esophagitis is observed in patients who have undergone transplanta‐
tion, are on long-term dialysis, are infected with HIV, or are receiving chronic steroid
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therapy. Esophagogastroduodenoscopy usually reveals large solitary ulcers or erosions in
the distal esophagus.
2.6. Esophagitis induced by caustic injury, radiation injury, or drugs
A patient with a usual history of caustic substance ingestion and prolonged hospitalization for
severe caustic damage was hospitalized again because of an increase in dysphagia and
odynophagia [19]. The gold standard of safely assessing the depth, extent of caustic ingestion
injury, and appropriate therapeutic regimen is EGD. The patients underwent EGD within 24
hours of admission and mucosal damage was graded using Zagar's modified endoscopic
classification scheme [19].
Radiation therapy (RT), the primary modality for patients with tumors of the upper aerodigestive tract, allows larynx preservation [20]. Proximal esophageal strictures occur in 2–16%
of patients after radiation therapy for cancers of the lung or head and neck. RT-induced
laryngeal edema (due to inflammation and lymphatic disruption) is a common and expected
side effect. Progressive edema and associated fibrosis detected by endoscope or barium
swallowing can lead to long-term problems with phonation and swallowing. Aspiration
pneumonia associated with dysphagia after intensive chemo radiation therapy has recently
been reported at a growing frequency.
Drug-induced esophagitis mainly presents as chest pain, odynophagia, and dysphagia. In the
agents known to induce esophagitis, antibiotics are the most common culprit. Other causative
agents include nonsteroidal anti-inflammatory drugs, antihypertensive drugs, acetamino‐
phen, oral hypoglycemic agents (glimepiride), bisphosphonates (alendronate, ibandronate),
ascorbic acid, and warfarin [21]. The most frequent endoscopic site of drug-induced esopha‐
gitis is the middle third of the esophagus. On endoscopy, drug-induced esophagitis manifests
as ulcers of various forms such as kissing ulcers, erosions, or ulcers with bleeding, as patchy
sections coated with drug materials or impacted pill fragments, or sometimes as strictures.
2.7. Achalasia
Achalasia is regarded as a disease exclusively involving the smooth muscle. About 70–80% of
patients have absent or incomplete lower esophageal sphincter (LES) relaxation with wet
swallows, while the remainder have complete but shortened relaxation [22]. The typical
endoscopic findings are shown in Figure 2A,B. Patients with esophageal stasis are often
unaware of this condition. Heartburn, though not infrequent, bears little relationship to the
esophageal acid exposure in achalasia, regardless of whether heartburn is elicited by GER or
esophageal stasis. Endoscopic examination can readily differentiate these disorders in most
cases, although manometry may sometimes be required to make the distinction in equivocal
cases. Readers may find interest in the AGA’s recent technical review of the clinical uses of
esophageal manometry and detailed descriptions of the procedure. Esophageal manometry is
the gold standard test for esophageal motility disorders [23]. Esophageal manometry has been
shown to be especially useful for definitively diagnosing achalasia or diffuse esophageal spasm
and for detecting esophageal motor abnormalities associated with collagen-vascular disease.
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(a) Fluid‐filled esophagus

(b) Dilated esophagus

Figure 2. Achalasia

2.8. Diffuse esophageal spasm
Diffuse esophageal spasm (DES) is an uncommon disorder characterized by an impairment of
ganglionic inhibition in the distal esophagus. Upper endoscopy should be performed as an
initial evaluation of esophageal symptoms consistent with spastic disorders [24]. No specific
endoscopic abnormality appears in most cases, but the endoscopist may notice disordered
esophageal contractions. DES is defined by the presence of simultaneous contractions on
conventional manometry. In higher resolution recordings by HRM with EPT, however, the
propagation velocity varies greatly along the length of the esophagus and often progresses
rapidly in some regions. Esophageal manometry, the putative gold standard in the diagnosis
of achalasia, classically shows aperistalsis and failure of relaxation of the lower esophageal
sphincter.
2.9. Extrinsic compression
Dysphagia is also caused by extrinsic compression of the esophagus associated with media‐
stinal diseases, tumors such as lung cancer and lymphoma, or infections such as tuberculosis
or histoplasmosis [1,3].

3. Treatment method for diseases with dysphagia
A general approach to the treatment of adult patients with dysphagia caused by benign
disorders of the distal esophagus is outlined in the “Medical Position Statement on Treatment
of Patients with Dysphagia Caused by Benign Disorders of the Distal Esophagus” from the
American Gastroenterological Association (AGA) [3]. The review describes the management
of dysphagia, peptic stricture, lower esophageal mucosal rings, and achalasia. More recently,
the Standards of Practice Committee of the American Society for Gastrointestinal Endoscopy
(ASGE) updated its previous guideline. In sections covering the role of endoscopy in evalua‐
tion and management, the uses of endoscopy evaluating dysphagia and dilation techniques
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for various dysphagic diseases are discribed [1.3]. The endoscopic management of esophageal
dysphagia is summarized in Table 1.
3.1. Preparation and dilation technique
Patients who have esophageal stasis because of underlying achalasia, diverticula, or tight
strictures may require a prolonged nasogastric tube placement to minimize the risk of
aspiration and are instructed to refrain from intake of solids for 6 hours and clear liquids for
2 hours before the procedure in the outpatient setting. The esophageal dilation procedure
carries a high risk of adverse bleeding events. In patients considered low risk for thromboem‐
bolic events, oral anticoagulation with warfarin should be withheld for 5–7 days before the
procedure. Bridging therapy with heparin before restarting warfarin is often recommended
for patients at high risk for thromboembolic events. Thienopyridines (e.g., clopidogrel) are
usually withheld for 7–10 days before the procedure.
Bougie dilators exert both radial and axial forces along the entire length of the stricture. In the
technique of wire-guided bougie dilation, a guidewire is passed through the esophagus and
its tip is positioned in the antrum.
Balloon dilators exert only a radial force along the length of the stricture. This circumferential
pressure, called hoop stress, is a product of the diameter and pressure within the balloon.
3.2. GERD: Peptic strictures
Various methods for endoscopic management of peptic stricture were reported [25]. The AGA
recommend progressive dilatation to 40–60 F using polyvinyl bougies or balloons for both
simple (diameter<10 mm, not tortuous) and complicated (diameter >10 mm, tortuous)
strictures, and mercury bougies for only simple strictures [3]. The ASGE reported that patients
with peptic strictures may be treated with Maloney, push-type dilators and balloon dilators
with similar efficacy. The degree of dilation in a session should be based on the severity of the
stricture [1]. The first dilator that causes resistance to passage is counted as 1. The “rule of
three” states that only two additional dilators of sequential size should be passed (three dilators
in total). The “rule of three” for bougie dilation has been accepted but not formally studied for
safety. The initial dilator is selected based on the stricture diameter. This is estimated to be
about the same size as the lumen of the stricture, or not more than 1–2 mm larger than the
lumen. Sequential dilation is then performed.
The AGA described the endoscopic therapy for GERD and concluded that radiofrequency
ablation is generally effective for the treatment of GERD [26].
Endoscopic fundoplication is also successfully performed in many institutes [27]. Transoral
incisionless fundoplication (TIF) with the EsophyX TM device is effective for creating a
continent gastroesophageal valve and obtaining good functional results, as measured by pH
impedance in patients with gastroesophageal reflux disease (GERD). TIF significantly im‐
proved both atypical and typical symptoms in patients: the corresponding GERD healthrelated quality of life (HRQL) and reflux symptom index (RSI) score was reduced by 50% or
more compared to baseline on proton pump inhibitors (PPIs).
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Several reports confirmed the beneficial effect of intralesionally administered corticosteroids
or triamcinolone in benign esophageal strictures of different etiologies [6].
3.3. Lower esophageal mucosal ring
Large-bore endoscopic dilation or bougienage (15 mm/45 Fr or larger) is the mainstay therapy
for both upper and lower esophageal lesions. The AGA recommends progressive dilatation to
45–60 F using mercury or polyvinyl bougies or balloons [3]. This procedure is frequently
performed with either Savary or Maloney dilators, though balloon dilation has also been
reported. The ASGE pointed out that dilation with a single large (16–20 mm) dilator leads to
rupture of the Schatzki ring and symptomatic relief in almost all patients. Electrocautery
incision with a needle-knife papillotome and four-quadrant biopsies of the ring has been
performed together with dilation as adjunctive methods.
3.4. Head and neck and esophageal tumors: extrinsic compression
Bougie dilation and balloon dilation are both unavailable for malignant tumors of the esoph‐
agus and head and neck, as dilation is considered a high-risk procedure for adverse bleeding
and perforation events. Endoscopic dilation is performed temporarily for nutritional support
in patients who are to undergo tumor resections. Figure 3A,B showed the typical esophageal
advanced cancer and endoscopic balloon dilation for its stricture.

(a) Esophageal advanced cancer

(b) Pneumatic balloon dilation

Figure 3. Endoscopic balloon dilation for esophageal cancer

Self-expanding metal stents (SEMS) are a well-established palliation modality for dysphagia
in patients with tumors of the esophagus and head and neck [28]. Stenting is also temporarily
effective for extrinsic compression. Health-related quality of life (HRQoL) is becoming a major
issue in the evaluation of any therapeutic or palliative intervention.
3.5. Eosinophilic esophagitis and infection
Pharmacological, endoscopic, and dietary interventions are used as treatment modalities for
patients with eosinophilic esophagitis (EE), either singly or in combination.
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For endoscopic dilatation, the balloon is positioned across the gastro-esophageal junction and
inflated to the smallest diameter. The endoscopist grasps the catheter to assess the tension
during pull through and then slowly withdraws the endoscope to the proximal esophagus.
The procedure is repeated using a sequentially larger diameter balloon until adequate dilation
is achieved [3,14].
3.6. Postradiation stricture
Several sessions of bougie dilation may be necessary for adequate treatment for radiationinduced strictures because most strictures are complex. The ASGE report summarizes a
combined antegrade–retrograde rendezvous approach described in case reports and case
series for the management of severe radiation-induced strictures with complete occlusion of
the proximal esophagus. After dilation, the endoscopist performing this technique passes a
standard endoscope or small-caliber endoscope through the stomach into the esophagus via
an existing gastrostromy tract.
3.7. Achalasia
Esophageal dilation for achalasia involves forceful disruption of the lower esophageal
sphincter. This is usually accomplished with 30- to 40-mm-diameter pneumatic balloon
dilators. Dilation is generally performed over a wire under fluoroscopic guidance, although
nonfluoroscopically guided dilation using endoscopic visualization alone has been reported.
POEM is a new endoscopic procedure used for the treatment of achalasia [29]. This novel
endoscopic esophagomyotomy method was first reported by Pasricha et al. in porcine models
and then by Inoue et al. in humans. POEM is performed by dissection and division of the inner
circular muscle layer of the esophagus through a submucosal tunnel created endoscopically
by a small proximal opening of the esophageal mucosa. A study evaluating the role of POEM
reported a significant improvement in dysphagia scores.
A further option is endoscopic botulinum toxin injection into the lower esophageal sphincter.
This technique offers good short-term results.
Ham et al. identified the currently available biodegradable stents for benign esophageal
strictures [30]. This technique will also be available for the treatment of achalasia.
3.8. Postesophagectomy anastomotic strictures
Anastomotic strictures have been reported in 9–48% of patients after esophagectomy for
esophageal cancer. The strictures are diagnosed in patients with dysphagia in whom a
standard flexible esophagoscope cannot be passed across the anastomosis. Both bougie and
balloon dilation have been used for the treatment of anastomotic strictures with success rates
of up to 93%. In Figure 4A,B showed the typical anastomotic stricture and endoscopic balloon
dilation for it. There is a high recurrence rate, however, and patients often require frequent
sessions.
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(a) Anastomotic stricture

(b) Pneumatic balloon dilation

Figure 4. Endoscopic balloon dilation for Anastomotic stricture

4. Conclusion
This chapter is based on the ASGE guidelines and recommendations by AGA. Endoscopy is
more sensitive than radiology for identifying subtle mucosal lesions of the esophagus such as
mild esophagitis caused by gastroesophageal reflux or infection. A cost analysis also showed
that EGD with therapeutic intent is more cost effective than an initial diagnostic approach with
barium swallow in patients with histories suggestive of benign or malignant esophageal
obstruction.
Various endoscopic treatments are useful for diseases with dysphagia and minimally invasive
compared to surgical procedures.
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Reflex Based on Functional Assessment?
Koichiro Ueda, Osamu Takahashi, Hisao Hiraba,
Masaru Yamaoka, Enri Nakayama, Kimiko Abe,
Mituyasu Sato, Hisako Ishiyama,
Akinari Hayashi and Kotomi Sakai
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/60771

1. Introduction
Patients with dysphasia have a variety of motor deficits in orofacial and pharyngeal move‐
ments. Disorders in the orofacial region, such as dysphasia developed, may be induced by
cerebral vessel disease, cancer in the orofacial and neck region, and other conditions. Func‐
tional assessment of mastication and the deglutition is most likely to be performed using
videoendoscopy (VE) and videofluoroscopy (VF), although electromyography (EMG),
ultrasonography (US), and other modalities are also used. Although VE is the primary method
for examination of swallowing, projection of VE during instantaneous variations in swallow‐
ing cannot be observed because of whiteout. On the other hand, although VF is the best choice
for functional assessment of eating and swallowing, we cannot avoid a bombing experience.
Therefore, we devised a new method to reduce the reliance on VF examination.
Electrical thresholds of the sensation of structures with primary disease in the orofacial region
of patients with stroke, head and neck tumor, external injuries, and other conditions following
orofacial treatments were examined. The results suggested a close relationship between the
electrical threshold of sensation and the recovery process, because patients with various
orofacial and neck diseases showed a lower threshold of electrical sensation associated with
treatment. Thus, changes in the oral and pharyngeal phases using VF in patients with brain
tumors, stroke, external injuries, amyotrophic lateral sclerosis and myasthenia gravis were
investigated.
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Many researchers have evaluated VF results based on the Videofluorographic Examination of
Swallowing Worksheet developed by Logemann [8]. However, because the inspection items
on this worksheet comprise many measurement items, numerous hospitals conduct their own
modified VF assessments [2, 3, 5-7, 14]. Based on experiences in other hospitals, 11 key events
were identified for the assessment of VF: bolus formation, tongue-to-palate contact, premature
bolus loss, residue in the oral cavity, and oral transit time in the oral phase; and lift in the soft
palate, triggering of the pharyngeal swallow, vallecula residue, pyriform sinus residue,
pharyngeal transit time, and aspiration in the pharyngeal phase. Furthermore, these items
were classified into three levels: grade 0 as normal, grade 1 as inadequate, and grade 2 as a
true abnormality. The total scores for all items in the oral and pharyngeal phases separately
are calculated and a higher sum in each phase represented a more serious condition is
presumed. Electrical thresholds of sensation on the soft palate during the hospital visit were
measured, too. Guidance regarding an accepted way of stretch training fitting various disorder
parts, such as gum rubbing, the Mendelsohn maneuver, thermal tactile stimulation, the head
lift exercise (Shaler exercise), the tongue holding maneuver and Sylvester maneuver. Trainings
involved procedures suitable for each patient after obtaining first-person informed consent.
For example, patients with the deglutition disorder were performed by thermal tactile
stimulation during the hospital visit and Shaker exercise in the residence. Patients performed
the training method best suited to their disease twice daily.
Finally, we examined the relationship between the total scores for all items in the oral and
pharyngeal phases and the threshold of electrical sensation on the soft palate. We hypothesized
that if electrical threshold measurement can be substituted for VF assessments, radiation
exposure to patients can be reduced. Furthermore, electrical threshold stimuli on the soft palate
and other areas are produced by an appeal of a loose press feeling in the stimulus area of
subjects, not painful sensation.

2. Material and method
We aimed to elucidate the relationship between changes in the electrical threshold of sensa‐
tions associated with various orofacial symptoms and the recovery processes of areas affected
by orofacial disorders depending on the oral rehabilitation technique. Thus, we investigated
the relationship between modified VF assessments and sensory electrical threshold evoked on
the soft palate. In particular, electrical stimuli are appealed by a loose press feeling in the
stimulus area of subjects, not painful sensation.
2.1. Subjects
First experiment: We examined 11 patients (8 males, 3 females; age range, 30-66 years) with
various disorders in orofacial regions (facial muscles, n=4; lingual muscles, n=5; hypoesthesia
of the soft palate, n=2) (Table 1). All medical treatments were performed over a long time period
(range, 10-80 months). We compared the relationship between the degree of recovery follow‐
ing oral rehabilitation and the electrical threshold of sensation in the deficient orofacial regions.

2.1. Subjects
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degree of recovery according to the training condition, including hearing investigation were examined.

Table 1. Patient characteristics in the first experiment. F: female, M: male.
Table 1. Patient characteristics in the first experiment. F: female, M: male.

Second experiment: Eight patients (six males, two females were evaluated; age range, 24-67
years) with glossopharyngeal nerve paralysis of the soft palatal lift. The duration of the
patients' dysphasia symptoms ranged from 7 to 39 months before the investigation (Table 2).
The eight patients exhibited various symptoms as follows: brain tumor (n=2), cerebral
hemorrhage (n=2), cerebral contusion (n=2), amyotrophic lateral sclerosis (n=1), and myasthe‐
nia gravis (n=1) (Table 2). The degree of dysphagia was classified based on many VF assess‐
ments as described by Logemann [8] (underside of Modified VF worksheet, Table 3). The bolus
formation, tongue-to-palate contact, premature bolus loss, and oral transit time were measured
in the oral phase, while lift in the soft palate, triggering of pharyngeal swallow, epiglottic
vallecula residue, pyriform sinus residue, pharyngeal transit time, and aspiration were
measured in the pharyngeal phase. Thus, the analysis comprised the total assessments in the
oral and pharyngeal phases. These items were divided into three levels: grade 0 as normal,
grade 1 as inadequate, and grade 2 as a true abnormality.
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Pa ent No.

E ology
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Sex Time a er onset
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Table 2. Patient characteristics in the second experiment. NG: no symptoms, PEG: gastrostomy.

We utilized the total scores for all items in the oral and pharyngeal phases separately. In
particular, we considered that a higher sum in each phase might indicate a more serious
condition. All procedures were approved by the ethic committee at Nihon University School
of Dentistry.
2.2. Threshold of electrical sensations
First experiment: A special electrode was designed for electrical stimulation of the tongue
dorsum. This electrode consists of a button-like electrode with a central part (cathode, 0.5 mm
across) and round wire (anode, 1.0 mm across) (Figure 1A). This electrode performed the local
electrical stimulation. An electrode was applied to the facial skin as a skin patch (one side was
the cathode and the other side was the anode) with a 25-mm distance between commercial
electrodes (Figure 1B). The electrode applied to the soft palate was a circular disc cathode with
a 1.0-cm diameter and circular disc anode with a 1.0-cm diameter made of stainless steel
(Figures 1C and 1D). We categorized as “C” or “D” according to various oral conditions. The
electrodes were separated according to their use in patients with natural teeth (Figure 1C)
versus complete dentures (Figure 1D). The low electrode impedances were approximately
6.5-7.5 kΩ at 20 Hz as measured by Neuropack-μ, Nihon Koden Co.) and the stimulations were
0.2 msec in duration and 5 Hz in frequency.

A

B

C

D

Figure 1. The electrode was used in various regions: (A) tongue dorsum, (B) facial skin, and (C,D) soft palate. (A) The special button-like
Figure 1. The electrode
was used in various regions: (A) tongue dorsum, (B) facial skin, and (C,D) soft palate. (A) The
electrode consists of a central part (cathode, 0.5 mm across) and round wire (anode, 1.0 mm across); this electrode is suitable for local
special button-like electrode
consists of a central part (cathode, 0.5 mm across) and round wire (anode, 1.0 mm across);
stimulation. (B) Commercial-release electrodes were used for facial skin stimulation. (C, D) The electrodes were separated according to
this electrode is suitable for local stimulation. (B) Commercial-release electrodes were used for facial skin stimulation.
their use in patients with (C) natural teeth versus (D) complete dentures.
(C, D) The electrodes were separated according to their use in patients with (C) natural teeth versus (D) complete den‐
Dummy Text Second experiment: The electrodes for electrical stimulation were connected to thin acrylic maxillary
tures.

splints or full dentures depending on their fit in the paralytic regions of each patient. The stimulus part for electrical
stimulation were determined depending on exploration of the hypoesthesia on the soft plate. The electrode comprises a
circular disc cathode and anode, both 1.0 cm in diameter, and is made of stainless steel. The electrode mounted at the top
of the shielded elastic wire (braided wires) ensured good electrical contact with the moist nature of this part of the mouth.
A silicon impression material (GC Co.) was used to cover the surfaces of the stimulating electrodes at low electrode
impedances (approximately 6.5-7.5 kΩ at 20 Hz as measured by Neuropack-μ, Nihon Koden Co.). Stöhr and Petruch [12]
and Stöhr et al. [13] reported that electrical stimulation in lips or gingival mucosa was appropriate in 0.1-0.2msec
(duration) and 1-20 Hz (frequency). On the basis of these data, we decided to stimulate with 0.2msec in duration and 5 Hz
in frequency. We employed the first sensation at the increased value with serial access from 0.2 mA. Measurements were
performed three times, and the threshold value was averaged. We expected to determine the degree of recovery by the
changes in the threshold of electrical sensations. We measured the threshold of electrical sensation in the soft palate with
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Second experiment: The electrodes for electrical stimulation were connected to thin acrylic
maxillary splints or full dentures depending on their fit in the paralytic regions of each patient.
The stimulus part for electrical stimulation were determined depending on exploration of the
hypoesthesia on the soft plate. The electrode comprises a circular disc cathode and anode, both
1.0 cm in diameter, and is made of stainless steel. The electrode mounted at the top of the
shielded elastic wire (braided wires) ensured good electrical contact with the moist nature of
this part of the mouth. A silicon impression material (GC Co.) was used to cover the surfaces
of the stimulating electrodes at low electrode impedances (approximately 6.5-7.5 kΩ at 20 Hz
as measured by Neuropack-μ, Nihon Koden Co.). Stöhr and Petruch [12] and Stöhr et al. [13]
reported that electrical stimulation in lips or gingival mucosa was appropriate in 0.1-0.2msec
(duration) and 1-20 Hz (frequency). On the basis of these data, we decided to stimulate with
0.2msec in duration and 5 Hz in frequency. We employed the first sensation at the increased
value with serial access from 0.2 mA. (depending on the mechanical mature).Measurements
were performed three times, and the threshold value was averaged. We expected to determine
the degree of recovery by the changes in the threshold of electrical sensations. We measured
the threshold of electrical sensation in the soft palate with the use of Neuropack-μ every arrival
at the hospital. The electrode was jointed with the dental resin on a palatal plate denture or
full denture made from each patient, were always stimulated on the same point in every checks.
We defined the electrical threshold as the patients were firstly sensed minimum values.
2.3. Modified VF worksheet
Although the VF worksheet proposed in Logemann’s study [8] is used by many dentists and
otolaryngologists, many medical institutions use a more concise version. We divided the
dysphasia scale into the oral phase and pharyngeal phase. In the oral phase, we examined the
bolus formation, tongue-to palate contact, premature bolus loss, residue in the oral cavity, and
oral transit time. In the pharyngeal phase, we examined the lift in the soft palate, triggering of
pharyngeal swallow, epiglottic vallecula, pyriform sinus residue, pharyngeal transit time, and
aspiration.
For both the oral and pharyngeal phases, the bolus formation, tongue-to-palate contact,
premature bolus loss, residue in the oral cavity, oral transit time, lift in the soft palate, and
triggering of the pharyngeal swallow were categorized into three levels: grade 0 as normal,
grade 1 as inadequate, and grade 2 as a true abnormality (Table 3). In particular, the amount
of premature bolus loss, residue in the oral cavity, and epiglottic vallecula and pyriform sinus
residue were divided into three levels: grade 0 indicated no residue, grade 1 indicated residue
in <50% of the bolus, and grade 2 indicated residue in >50% of the bolus. Furthermore,
aspiration was divided into three levels: grade 0 indicated no aspiration, grade 1 indicated
supraglottic penetration and grade 2 indicated subglottic aspiration.
All oral and pharyngeal phase criteria were categorized into three levels, 0, 1 and 2. Based on
the assortment of the three levels according to the standardized definition, wthat a more
serious condition in the oral or pharyngeal phase would be indicated by a higher total for each
criterion, as shown in the totals for the oral and pharyngeal phases in Table 3. We considered
that assessments performed using these three simplified levels would provide consistency
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with respect to the criteria used during long-term evaluation (>2 months after symptom onset).
The criterion for each phase (oral and pharyngeal) was employed by the total.

Table 3. Measurements of videofluoroscopic dysphagia scale (VF assessments) and threshold of electrical sensation during the patients’
Table 3. Measurements of videofluoroscopic dysphagia scale (VF assessments) and threshold of electrical sensation
hospital visits.
Patients 1-6 had brain disease, and patients 7 and 8 had spinal cord disease and a muscular disorder, respectively..
during the patients’ hospital visits. Patients 1-6 had brain disease, and patients 7 and 8 had spinal cord disease and a
muscular disorder, respectively..

For both the oral and pharyngeal phases, the bolus formation, tongue-to-palate contact, premature bolus loss, residue in
the oral cavity, oral transit time, lift in the soft palate, and triggering of the pharyngeal swallow were categorized into

3. Results
three levels: grade
0 as normal, grade 1 as inadequate, and grade 2 as a true abnormality (Table 3). In particular, the
amount of premature bolus loss, residue in the oral cavity, and epiglottic vallecula and pyriform sinus residue were
First experiment: We evaluated the recovery process of each patient as they performed routine
divided into three levels: grade 0 indicated no residue, grade 1 indicated residue in <50% of the bolus, and grade 2
exercises and gave an oral assessment of how they felt at each monthly hospital visit. The
indicated residue
in >50% between
of the bolus.
Furthermore,
aspiration
dividedthreshold
into three
gradeare
0 indicated no
relationships
the recovery
process
and thewas
electrical
of levels:
sensations

indicated
by regression
curves
for each and
patient
(Figures
1A, tongue
dorsum;
1B, facial skin;
aspiration, grade
1 indicated
supraglottic
penetration
grade
2 indicated
subglottic
aspiration.
and 1C, soft palate). The regression curves of the electrical threshold and time course showed
① y=-0.0442X+3.1564,
(acoustic
y=-0.0105X+2.425,
r2=0.0363 of the three
All oral and pharyngeal
phase criteriar2=0.58404
were categorized
intonerve
three tumor),
levels, 0,②
1 and
2. Based on the assortment
(diabetes),
③ y=-0.0269X+2.4865,
r2=0.6517
infarct) and
y=-0.0177X+4.2982,
levels according
to the standardized
definition, wthat
a more(cerebral
serious condition
in the④
oral
or pharyngeal phase would be
r2=0.02184 (neck tumor) on tongue dorsum stimulation, ⑤ y=-0.1669X+6.2984, r2=0.22006
indicated by a higher total for each criterion, as shown in the totals for the oral and pharyngeal phases in Table 3. We
(neck tumor), ⑥ y=-0.1605X+3.0904, r2=0.45346 (neck tumor), ⑦ y=-0.0159X+1.3826, r2=0.43144
considered that assessments performed using these three simplified levels would provide consistency with respect to the
(cerebral infarct), ⑧ y=-0.0237X+4.4219, r2=0.08506 (neck tumor), ⑨ y=0.0984X+4.1664,
criteria used r2=0.5461
during long-term
evaluation
(>2facial
months
symptom
The criterion forr2=0.00864
each phase (oral and
(facial nerve
palsy) on
skin after
stimulation,
andonset).
⑩ y=-0.0448X+12.404,
pharyngeal) was
employed
by the
(cerebral
infarct),
andtotal.
⑪ y=-0.0022X+3.5931, r2=3E-05 (cerebral infarct) on soft palate stimula‐
tion. These findings suggested that the electrical threshold stimulation decreased with the time
course of the recovery process, because all “gradients” of these data were observed as negative
3. Results values (Figure 2), although each r2 value (regression estimate of approximate curve) was
Dummy Text First experiment: We evaluated the recovery process of each patient as they performed routine exercises
and gave an oral assessment of how they felt at each monthly hospital visit. The relationships between the recovery
process and the electrical threshold of sensations are indicated by regression curves for each patient (Figures 1A, tongue
dorsum; 1B, facial skin; and 1C, soft palate). The regression curves of the electrical threshold and time course showed ①
y=-0.0442X+3.1564, r2=0.58404 (acoustic nerve tumor), ② y=-0.0105X+2.425, r2=0.0363 (diabetes), ③ y=-0.0269X+2.4865,
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indicated by divergence or convergence. In particular, although each disease showed a
different
slope,
the recovery
appeared
be unrelated
to the trend
onset
of treatment.
convergence.
In particular,
althoughtrend
each disease
showed to
a different
slope, the recovery
appeared
to be unrelated
to the onset of treatment.

Figure 2. Changes in the recovery process of threshold electrical stimulation. Each start point indicated the start of treatment after onset

Figure
2. disease.
Changes in the recovery process of threshold electrical stimulation. Each start point indicated the start of
of the
treatment after onset of the disease.
Dummy Text Second experiment: All patients in the present study have severe swallowing dysfunctions as shown in
Table 1.
These disorders,All
which
share characteristics
in common
with dysphasia,
were divided
into two types
depending as
Second
experiment:
patients
in the present
study
had severe
swallowing
dysfunctions
on the underlying cause. The location of the underlying cause was classified as either the brain (patients 1-6) or spinal
shown in Table 1. These disorders, which share characteristics in common with dysphasia,
cord (patients 7 and 8) (Table 2).
were divided into two types depending on the underlying cause. The location of the under‐
lying
was
classified
as either
the categorized
brain (patients
cord
(patients
7 and
Allcause
criteria of
the oral
and pharyngeal
phases were
into three 1-6)
levels:or
0, 1spinal
and 2 (Table
2). We
investigated
the 8)
relationship
(Table
2). between the threshold of sensation and each value in the VF assessment of each patient’s disease condition.
These values were grouped into classes according to the data shown in Table 3. The total score of the VF assessments in

All criteria
the oralphases
andand
pharyngeal
phases
three
levels:
and 2
the oral andof
pharyngeal
the threshold of
sensationwere
in eachcategorized
patient are showninto
in Figures
3Aa,
3Ab and0,3B;1the
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2). We
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the threshold
of sensation
anda each
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averages
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standard deviations
in each
figure are indicated
in Figures
3C and 3D. Almost
all data showed
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trendVF
(negative
“gradient”of
of the
regression
curve) disease
with the exception
of amyotrophia
sclerosis
andgrouped
myasthenia into
in the
assessment
each
patient’s
condition.
These lateral
values
were
gravis. Thus, amyotrophic lateral sclerosis and myasthenia gravis did not exert a curative influence on our treatment,
classes
according to the data shown in Table 3. The total score of the VF assessments in the oral
because suggestion based on the VF assessments and electrical threshold of sensation did not recover (Figure 3: black
and pharyngeal phases and the threshold of sensation in each patient are shown in Figures
lines, amyotrophic lateral sclerosis; red lines, myasthenia gravis). These results may suggest that such muscle diseases do
3Aa,not3Ab
and 3B; the averages and standard deviations in each figure are indicated in Figures
recovery with the type of training performed in this study. Although the average scores of the VF assessments and
3C and
3D.electrical
Almoststimulation
all dataindicated
showed
a recovery
trend
(negative
“gradient”
regression
threshold
a recovery
trend for
all diseases,
separate
analysis for of
eachthe
disease
was
importance
obtain
more detailedof
data.
Based on these findings,
believe that the
electrical
threshold ofgravis.
sensation on
curve)
with tothe
exception
amyotrophia
lateralwesclerosis
and
myasthenia
Thus,
the soft plate may
reflect
the recovery
process
of swallowinggravis
reflex disorders.
amyotrophic
lateral
sclerosis
and
myasthenia
did not exert a curative influence on our
treatment, because suggesting based on the VF and threshold that sensation did not recover
(Figure 3: black lines, amyotrophic lateral sclerosis; red lines, myasthenia gravis). These results
may suggest that such muscle diseases do not recovery with the type of training performed in
this study. Although the average scores of the VF assessments and threshold electrical
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stimulation indicated a recovery trend for all diseases, separate analysis for each disease was
importance to obtain more detailed data. Based on these findings, we believe that the electrical
threshold of sensation on the soft plate may reflect the recovery process of swallowing reflex
disorders.
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Figure 3. Relationship between total scores of VF assessments in (A) the oral phase and (D) the pharyngeal phase and
the threshold of electrical sensation. (Aa) VF assessments in the oral phase. (Ab) VF assessments in the pharyngeal
phase. (B) Electrical threshold of sensation. Black lines: amyotrophic lateral sclerosis. Red lines: myasthenia gravis. (C,
D) Averages and standard deviations of VF assessments and electrical threshold of sensation.

4. Discussion
4.1. Total of VF assessments in the oral and pharyngeal phases and the threshold of electrical
sensation
It was investigated that the relationship between the threshold of sensation and each value in
the disease history of each patient. The relationship between the total in the oral phase and the
threshold of sensation differed significantly (paired t-test, P<0.05). Furthermore, the relation‐
ship between the total in the pharyngeal phase and the threshold of sensation were statistically
significant at P<0.01. The regression curves of each relationship were examined, too. The total
scores of the VF assessments in the pharyngeal phase and the threshold of electrical sensation
were strongly associated (r2=0.75). However, the total score of the VF assessments in the oral
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phase and the threshold of electrical sensation were not strongly associated (r2=0.13) (Figures

4A and 4B).
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Because the total scores in the pharyngeal phase and the threshold of sensation showed a strong
correlation, the decrease in electrical sensation might be related to recovery of the pharyngeal
phase.
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Figure 4. Relationship between (A) total score in the oral phase and threshold of sensation and (B) total score in the
pharyngeal phase and threshold of sensation.

4.2. Relationship between VF assessments and electrical stimulations on the soft palate
We considered the presence of a relationship between the recovery process and electrical
threshold of sensation, as shown in the first experiment. The results were assumed by a close
relationship between the two. Why is there a relationship between a decrease in the threshold
of electrical sensation and the recovery process? The well-known phenomenon of “active
touch” or “haptic perception” is characterized by object perception through touch. It has been
believed that sensory organs function by passive touch. However, Asanuma and Arissian [1]
reported the functional role of peripheral input to the motor cortex during voluntary move‐
ments in the monkey. Specifically, they proposed that voluntary movements are induced by
peripheral sensory inputs. Thus, we believe that measurements of the threshold of electrical
sensation are necessary to measure recovery of voluntary movements.
Furthermore, our hypothesis involves the relationship between VF assessment parameters and
electrical stimulation in patients with various disorders. VF assessments were divided into the
oral and pharyngeal phases because the former is controlled by the first motor cortex of cerebral
cortex (M1) and the latter is controlled by the brain stem. In particular, VF assessments of the
oral phase are related to voluntary masticatory movements, while VF assessments of the
pharyngeal phase are related to the swallowing reflex. We evaluated the relationship between
VF assessment parameters and electrical stimulation in patients with various disorders using
the swallowing worksheet proposed by Longemann [8], because we utilized measurements in
the oral phase (related to masticatory processes) and pharyngeal phase (related to the swal‐
lowing reflex). In oral phase, we measured (1) bolus formation, (2) tongue-to-palate contact,
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(3) premature bolus loss, (4) residue in oral cavity, and (5) oral transit time. On the other hand,
measurements in the pharyngeal phase included (1) lift in the soft palate, (2) triggering of
pharyngeal swallow, (3) epiglottic vallecula residue, (4) pyriform sinus residue, (5) pharyngeal
transit time, and (6) aspiration. The relationship between total VF assessments in the oral phase
and the threshold of electrical sensation showed a weak association with cerebral hemorrhage,
cerebral contusion, amyotrophic lateral sclerosis and myasthenia gravis (Figure 4A). However,
the relationship between total VF assessments in the pharyngeal phase and the threshold of
electrical sensation had a strong association with these disorders (Figure 3B). On the other
hand, a decrease in the electrical threshold of sensations following the treatment process was
not observed in patients with amyotrophic lateral sclerosis or myasthenia gravis (black and
red lines of Figures Aa, Ab and B).
In summary, the criteria for evaluating recovery of the swallowing reflex may be covered by
the electrical threshold of sensation on the soft palate, and acceptance of the electrical stimu‐
lation will produce a reduction in the bombing experience. Why dose the threshold of electrical
sensation reflect recovery of the swallowing reflex? The reflex arc progresses as follows:
receptor organ, afferent fiber, central nerve for the reflex, efferent fiber and effector organ. In
particular, initiation of the swallowing reflex starts from the regions that induce swallowing
(primarily the soft palate, posterior part of tongue, and posterior wall of the pharynx). VF
assessments of the pharyngeal phase exhibited the swallowing reflex, and this reflex was
initiated by stimulation of the regions that induce swallowing. We consider that the stimulation
of these regions involves perception by sensory organs, and the swallowing reflex is then
evoked by the sensory stimulation.
4.3. Relationship between electrical sensation and voluntary movement or reflex
When we execute hand movements (especially during search behavior), we take notice of a
keen sense in the fingers. Namely, our cutaneous sensation is excited before the execution of
movements. This helps us to understand the inaccuracy and inadequacy of movements in
patients with sensation disorders. In particular, when the patients with unilateral lingual nerve
disease (e.g., secondary to sensory nerve damage during wisdom teeth extraction) are
promoted to perform tongue protrusion, the tongue bends toward the diseased side. Further‐
more, monkeys with tactile agnosia after blocking of the first somatosensory cortex (SI) exhibit
poor performance in gripping an object (Hikosaka et al.) [4]. Nelson [9] reported somatosen‐
sory neuronal activity in the SI prior to movement. These results indicate that sensory
information in the SI is necessary for the initiation and preparatory of the start of movements.
Based on these findings, it is understandable that the somatosensory information obtained
prior to movement excites the facial, intraoral, and pharyngeal regions. Sessle et al. [10]. Sessle
[11], Stohr and Petruch [12] and Stohr et al. [13] reported that a close relationship between the
facial motor and sensory cortices is needed during facial and tongue movements. We assumed
the presence of a relationship between electrical sensation and the recovery process based on
our findings in the orofacial region. However, two patients in the present study (nos. 7 and 8,
Table 2) exhibited no change with electrical stimulation treatment. Both of these patients had
muscular atrophy, a degenerative disease. These results may suggest that progressive
deterioration of the muscle and spinal cord make reconstruction difficult. On the other hand,
although a close relationship between VF assessment of the pharyngeal phase and electrical
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stimulation on the soft palate was observed (cumulating tendency), there was a week rela‐
tionship between VF assessment of the oral phase and electrical stimulation on the soft palate
(scattering tendency) (Figures 4A and 4B). VF assessments of the oral phase involved stimu‐
lation of various regions of masticatory movements controlled by the M1. Because disorders
of these regions become diffuse around the orofacial region, the electrical sensation of the soft
palate cannot cover the entire disease region. However, VF assessments of the pharyngeal
phase showed that the swallowing reflex was initiated by stimulation of the regions involved
in induction of swallowing (primarily the soft palate, root of tongue, and posterior portion of
wall of pharynx). We believe that this conclusion can be drawn from our experimental data:
measurement of the electrical threshold can be performed as a substitute for VF assessment in
the pharyngeal phase, and patients can undergo less radiation. Namely, the swallowing reflex,
nasopharyngeal closure, elevation of hyoid bone and pharynx (laryngeal elevation), laryngeal
closure (downward movement of the epiglottis), and esophageal sphincter relaxation are
accomplished by serial processing after the initiation of sensory stimulation in the induced
regions. We arrived at this conclusion from our experimental data.
Measurement of the electrical threshold can be performed as a substitute for VF assessment in
the pharyngeal phase, and patients can undergo less radiation as a consequence.

5. Conclusion
Although VF (videofluoroscopic examination of swallowing) is the best choice for the func‐
tional assessment of eating (mastication) and swallowing, we cannot avoid a bombing expe‐
rience. Therefore, we devised at new method to reduce the need for VF examination. The
electrical threshold of sensation in centrally diseased sites of the orofacial region has long
been examined in patients with stroke, head and neck tumor, external injury and other dis‐
orders following on the orofacial treatments. The results suggest a close relationship be‐
tween the electrical threshold of sensation and the recovery process. Many researchers have
evaluated the results of VF assessments based on the Videofluorographic Examination of
Swallowing Worksheet developed by Logemann (1993). We selected 11 applicable items
used by many hospitals: bolus formation, tongue-to-palate contact, premature bolus loss,
residue in oral cavity, and oral transit time in the oral phase; and lift in the soft palate, trig‐
gering of pharyngeal swallow, vallecular residue, pyriform sinus residue, pharyngeal transit
time, and aspiration in pharyngeal phase. In particular, we considered that a higher sum in
each phase might indicate a more serious condition. We also measured the electrical thresh‐
old of sensation on the soft palate when patients visited the hospital. Why is the threshold of
electrical sensation reflected by recovery of the swallowing reflex?
In particular, VF assessments in the oral phase are related to voluntary masticatory move‐
ment, while those in the pharyngeal phase are related to the swallowing reflex. Initiation of
swallowing reflex starts from the regions that induce swallowing (primarily the soft palate,
posterior part of tongue, and posterior wall of the pharynx). We propose that electrical
thresholds in the soft plate can be assessable as the function of swallowing reflex.
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Nomenclature
VE: videoendoscopic evaluation of swallowing. VF: videofluoroscopic examination of
swallowing. SI: first somatosensory cortex. M1: first motor cortex.
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Additional information is available at the end of the chapter
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1. Introduction
Dysphagia is defined as difficulty in swallowing. It is commonly caused due to neuromuscular
(stroke, dementia, Parkinson’s disease, myasthenia gravis, etc.), mechanical (oral cancer,
oesophageal cancer, etc.), or other causes (radiotherapy treatment, gastroesophageal reflux
disease, thrush, etc.). It risks aspiration and associated bronchopulmonary infections, fluid
depletion, and under nutrition. It can alter nutritional equilibrium and can affect organ
function and ultimately clinical outcome. To improve clinical outcomes, it is important to
screen all at risk patients in order to identify patients at nutritional risk due to dysphagia [1–
4]. Most dysphagia resolves within few weeks, but in some cases it may persist. This may affect
the nutritional state of the individual who is already facing an illness or injury in first instance
[5, 6]. Dysphagia and accompanying malnutrition is associated with excess morbidity and
increased mortality rates [7, 8]. This chapter will focus on general principles of nutritional
management in any patient including patients with dysphagia.

2. Nutritional screening and assessment
Up to 30% of all acute hospital admissions are malnourished and this is further deepened
during hospitalisation [9]. Hence, all the patients should be screened for risk of malnutrition.
There are various scoring systems available to screen a patient at nutritional risk. Screening is
based on history (weight loss, etc.) and physical examination (height, weight, and body mass
index (BMI)).’Malnutrition universal screening tool’ (‘MUST’) [Figure 1], rapid nutrition
screen for hospitalised patients, nutrition risk index (NRI), Mini Nutritional Assessment-Short
Form (MNA-SF), Short Nutritional Assessment Questionnaire (SNAQ©) (Table 1) and Nutri‐
tion Risk Screening (NRS-2002) are some of the commonly available and used composite tools
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in clinical practice [10–15]. An ideal screening tool should be easy to implement, accurate,
reliable, inexpensive, and reproducible. NRS-2002 is the best instrument today because it is
robust, simple, quick, validated, and based from an analysis of 128 controlled clinical trials.
Patients with the risk criteria had a higher likelihood of a better clinical outcome from
nutritional support than patients who did not fulfill the criteria [15]. NRS 2002 has also been
used by nurses and dietitians in three hospitals of Denmark. Its reliability was validated by
inter-observer variation between a nurse, a dietitian, and a physician with a k = 0.67. Its
practicability was shown by the finding that 99% of 750 newly admitted patients could be
screened [16]. Supplement 1 shows the ‘TTSH Nutrition Screening Tool’ (TTSH NST) used by
the Nutrition and Dietetics department at Tan Tock Seng Hospital, Singapore. TTSH NST was
developed from a cohort of younger hospitalised patients. This was later validated in a cohort
of elderly patients using subjective global assessment (SGA) as a comparator. In 281 acute
admissions to Tan Tock Seng Hospital with age range of 61–102 years, prevalence of malnu‐
trition was 35% based on SGA. Risk of malnutrition as determined by TTSH NST with a cutoff of 4 had sensitivity, specificity, positive, and negative predictive values of 84%, 79%, 68%,
and 90%, respectively, with area under the curve of 0.87. The optimal cut-off remained at 4
even for patients aged >85 years (AUC = 0.85). Risk of malnutrition was predictive of 6-month
mortality (adjusted OR: 2.2, P = 0.05) and hospital length of stay (P < 0.05) [17].
Question

Score

Did you lose weight intentionally?
∙ 6 Kg in past 6 months

3

∙ 3 Kg in the past month

2

Did you experience a decreased appetite over the past month?

1

Did you use supplemental drinks or tube feeding over the past month?

1

a
Patients who scored 0 or 1 points were classified as well-nourished and did not receive intervention. Patients who scored
2 points were classified as moderately malnourished and received nutritional intervention. Patients who scored 3 points
were classified as severely malnourished and received nutritional intervention and treatment by a dietician.

Reproduced from: Am J Clin Nutr 2005;82:1082-9. © 2005 American Society for Nutrition
Table 1. Short Nutritional Assessment Questionnaire a

Nutritional assessment is a more detailed process and is done in patients screened at risk or
when metabolic or functional problems prevent a standard plan being carried out. There are
few tools for evaluating the nutritional status of hospitalised patients. SGA, short nutritional
assessment questionnaire, mini nutritional assessment (MNA), and corrected arm muscle area
(CAMA) are tools used for nutritional assessment [18]. The assessment of nutritional status
includes a nutritional history and physical examination in conjunction with appropriate
laboratory studies [Figure 2]. Regurgitation, hoarse voice, coughing during or after swallow‐
ing, globus sensation, nasal regurgitation, recurrent chest infections, and frequent throat
clearing symptoms may indicate dysphagia [19]. In all patients with dysphagia, a complete
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evaluation of the cause of dysphagia must be performed and for the purpose of this chapter
we will only discuss nutrition-related assessment.

Step 1
BMI score
BMI kg/m 2
>20 (>30 Obese)
18.5 - 20
<18.5

Score
=0
=1
=2

If unable to obtain height and weight,
see ‘MUST’ Explanatory Booklet for
alternative measurements and use of
subjective criteria

+

Step 2
Weight loss score

+

Unplanned
weight loss in
past 3-6 months
%
Score
<5
=0
5 -10
=1
>10
=2

Step 4

Step 3

Acute disease effect score
If patient is acutely ill and
there has been or is likely
to be no nutritional
intake for >5 days
Score 2

Acute disease effect is unlikely to
apply outside hospital. See ‘MUST’
Explanatory Booklet for further
information

Overall risk of malnutrition
Add Scores together to calculate overall risk of malnutrition
Score 0 Low Risk Score 1 Medium Risk Score 2 or more High Risk

Step 5
Management guidelines

0
Low Risk
Routine clinical care
Repeat screening
Hospital – weekly
Care Homes – monthly
Community – annually
for special groups
e.g. those >75 yrs

1
Medium Risk
Observe

Document dietary intake for
3 days
If adequate – little concern and
repeat screening
Hospital – weekly
Care Home – at least monthly
Community – at least every
2-3 months
If inadequate – clinical concern
– follow local policy, set goals,
improve and increase overall
nutritional intake, monitor and
review care plan regularly

e2
or
All risk categories:

Treat underlying condition and provide help and
advice on food choices, eating and drinking when
necessary.
Record malnutrition risk category.
Record need for special diets and follow local policy.

2 or more
High Risk
Treat*
Refer to dietitian, Nutritional
Support Team or implement
local policy
Set goals, improve and increase
overall nutritional intake
Monitor and review care plan
Hospital – weekly
Care Home – monthly
Community – monthly
* Unless detrimental or no benefit is
expected from nutritional support
e.g. imminent death.

Obesity:
Record presence of obesity. For those with
underlying conditions, these are generally
controlled before the treatment of obesity.

Re-assess subjects identified at risk as they move through care settings
See The ‘MUST’’ Explanatory Booklet for further details and The ‘MUST’ Report for supporting evidence.

© BAPEN

The ‘Malnutrition Universal Screening Tool’ (‘MUST’) is reproduced here with the kind permission of BAPEN (British
Association for Parenteral and Enteral Nutrition). For further information on ‘MUST’ see www.bapen.org.uk Copy‐
right © BAPEN 2012
Figure 1. ‘MUST’ flowchart
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Figure 2. Nutritional assessment

The nutritional history should evaluate the following:
1.

Food intake

A change in the dietary pattern due to dysphagia should be ascertained.
2.

Body weight

The presence of unintentional weight loss over past six months should be ascertained. 10% or
greater unintentional weight loss over the past six months is categorised as severe weight loss
and is associated with a poor clinical outcome. In a study involving 3,047 patients enrolled in
12 chemotherapy protocols of Eastern Cooperative Oncology Group, Dewys WD, et al. has
shown that chemotherapy response rates and median survival rates were lower in patients
with weight loss [20]. The functional status of the patients (e.g., bedridden) and metabolic
stress due to accompanied illness or injury also need to be ascertained.
3.

Physical examination

Body mass index (BMI): Patients are classified by BMI as underweight (<18.5 kg/m2), normal
weight (18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2), class I obesity (30.0–34.9 kg/m2), class
II obesity (35.0–39.9 kg/m2), or class III obesity (≥40.0 kg/m2) [21].
Hand grip strength, gait speed, triceps skin fold thickness, mid-arm circumference, mucosal xerosis,
and edema are some of the physical signs which could help establish malnutrition in patients
with dysphagia. Handgrip strength reflects, in part, the association of muscle strength and
lean body mass with malnutrition [22]. In a study conducted by the International Academy on
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Nutrition and Aging (IANA) Task Force, gait speed at usual pace is found to be a consistent
risk factor for disability, cognitive impairment, falls, institutionalisation, and/or mortality and
at least as sensitive as composite tools [23].
4.

Laboratory studies

Measurements of serum albumin, prealbumin, retinol-binding protein, transferrin, createnine
height index, createnine extretion in urine and total lymphocyte count have been shown to
correlate with clinical outcome. In a study involving 17 critically ill patients, Apelgren KN et
al. have shown that a serum albumin <2.5 g/dL concentration is associated with an increased
incidence of medical complications and death and it correctly separated 93% of patients in
terms of survival prognosis [24]. Serum albumin levels are often used as a surrogate for
preoperative nutritional assessment, but it is confounded by coexisting inflammation [25, 26].
Injury and inflammation decreases synthesis, increases degradation and transmembrane
losses from the plasma compartment. In addition, albumin is also lost from open wounds
(burns, etc.), peritonitis and through the gastrointestinal tract and/or kidneys in certain
diseases. The association between hypoalbuminemia and poor clinical outcome is independent
of both nutritional and inflammatory status [27]. Serum albumin is a good predictor of clinical
outcomes but is a poor marker for nutritional assessment.

3. Nutritional pharmacology
If a patient is identified as at risk of malnutrition, appropriate intervention should be done to
improve outcomes. Nutritional pharmacology is an emerging science over the last two
decades. Nutrients such as arginine, glutamine, and long chain fatty acids (both omega 3 and
omega 6) have been shown to improve clinical outcomes in diverse group of patients [28].
Arginine exhibits diverse effects including wound healing, protects against ischemia-reper‐
fusion, improves macrophage function after injury, blocks adhesion molecules, inhibits lipid
peroxidation, and improves cerebral and myocardial perfusion [28]. In a double blind
randomised controlled trial involving 32 malnourished patients with head and neck cancer,
Buijs N et al. concluded that perioperative arginine-enriched enteral nutrition improved long
term overall survival and long term disease specific survival [29]. Glutamine is the most
abundant amino acid and is a fuel of neutrophils, lymphocytes, and enterocytes. Glutamine is
a conditionally essential amino acid in situations of stress. A recent Cochrane review including
4,671 patients with critical illness or elective major surgery concluded that glutamine supple‐
mentation reduced the infection rate and days on mechanical ventilation in critically ill or
surgical patients [30]. Long chain fatty acids are important in function of cell membranes and
act as intracellular messengers.

4. Enteral nutrition
Enteral route is physiologic and ‘A functioning gastrointestinal system should be used to prevent
its malfunction’. Oral nutritional is ideal. Patients with dysphagia are at risk of aspiration
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pneumonia. Authors recommend a swallowing history and assessment prior to oral feeding.
Until safety of oral feeding is established, tube feeding should be considered. Figure 3 outlines
a simplistic approach in decision making for nutritional supplementation.
4.1. Formula feeds
There are various feeding formulas and selection should be based on fluid electrolyte and
metabolic needs, digestion and absorption capacity, caloric and protein density of formula,
physical characteristics of formula (osmolality, viscosity etc.), and cost. General purpose
feeding formulas contain intact proteins and need an intact digestive and absorptive function
of gastrointestinal system. Semi-elemental feeds contain free amino acids with minimal fat and
are used in patients with compromised gastrointestinal function. There are also various
disease-specific feeds available for patients with hepatic, renal, or pulmonary dysfunction. In
addition, nutrient composition of the formulas can be altered to tailor individual patients need
and such modular feeds require mixing by local pharmacy and are costly [31]. Once the feeding
formula is decided and the nutritional requirement calculated, the rate and delivery of the
feeding is established.

Figure 3. Algorithm of nutritional supplementation

Nutritional Support in Dysphagia
http://dx.doi.org/10.5772/61243

4.2. Feed delivery
Intermittent bolus feeding is convenient to administer by nasogastric or percutaneous gastric
tube and is suitable in ambulatory patients. Although there are no definitive studies, bolus
feeding reduces lower esophageal sphincter pressure and may increase the chance for reflux
and aspiration [32]. Intermittent cyclic feeding is indicated during weaning from tube feeding
to oral feeding. It can be pump-assisted or gravity-assisted and feeding cycles of varying
duration of period can be planned. This feeding is advantageous when an overnight tube feed
is administered and the patient continues his normal oral intake during the day. Constant
feeding infusion assisted by pump or gravity is indicated in bedridden patients with critical
illness. Nasal tubes are associated with discomfort, excoriation and bleeding, and anosmia.
Hence, when long-term feeding is required, percutaneous gastrostomy or jejunostomy tubes
should be used. In a United Kingdom study involving 1,327 patients including 1,027 patients
with gastrostomy tube insertion, Kurien M et al. has demonstrated that patients who undergo
gastrostomy have significantly lower mortality than those who defer the procedure (11.2% vs.
35.5% at 30 days and 41.1% vs.74.3% at 1 year, p<0.0001) [33]. The most common indication of
feeding gastrostomy remains inadequate swallowing as a result of a neurological event,
oropharyngeal or esophageal cancer, or facial trauma [34]. Traditionally, tube feeding is
delayed until the next day after the procedure. Authors’ personal preference is to institute the
feeding at the next opportunity. In a meta-analysis of six randomised controlled trials involv‐
ing 467 patients, Bechtold ML et al. has shown that early feeding (defined as within 4 hrs) after
percutaneous endoscopic gastrostomy placement was safe [35]. In patients with restricted
mouth opening, oral cavity is inaccessible and a surgical gastrostomy needs to be created.
Feeding gastrostomy is associated with the risk of aspiration and is not possible in patients
with gastric outlet obstruction, gastroparesis, or gastric resection. In such patients, feeding
jejunostomy is an alternative. Percutaneous feeding jejunostomy can also be inserted via the
existing gastrostomy site. Percutaneous placement of feeding jejunostomy is technically
difficult compared to gastrostomy. In a study involving 150 patients without a previous history
of major abdominal surgery, Shike M et al. found that direct percutaneous endoscopic
jejunostomy was successful in 129 procedures (86%) and aspiration occurred in 3% of patients
[36]. Enteral nutrition preserves the gut integrity, reduces bacterial translocation, maintains
the gut immune function, is easily administered and monitored, and cheaper compared to
parenteral nutrition. However, it can also lead to complications.
4.3. Enteral nutrition: Common issues
Enteral nutrition causes mechanical problems with tube placement (migration, clogging etc.),
metabolic problems (osmotic diarrhoea, overhydration, etc.), and is labour intensive (tube
management, infusion pump device usage, etc.). In patients with tube feeding, prior to
commencing feeding, a radiological confirmation of tube placement must be checked. Tube
clogging could be prevented by using a wide tube, flushing the tube with water after medicine
administration, minimising gastric aspirates to keep pH levels low, and using pancreatic
enzymes mixed with bicarbonate [37]. Peristomal wound infections and leakage are also
common problems associated with tube feeding and add to patient and family anxiety along
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with the nursing care burden [38]. In a Cochrane review with a pooled analysis of 1,271 patients
from 12 randomised controlled trials, Lipp A et al. have shown that administration of pro‐
phylactic systemic antibiotics for percutaneous endoscopic gastrostomy tube placement
reduces peristomal infection rates (OR 0.36, 95% CI: 0.26–0.50) [39]. Peristomal leakage can be
reduced by appropriate fixation technique and antisecretory agents. In patients with persistent
leakage, the tube should be withdrawn and replaced after few days or a new tube placed at
the separate site, but no attempt should be made to control the leakage with a wider tube as it
may exacerbate the leakage [40–42]. Diarrhoea remains the commonest gastrointestinal side
effect of enteral tube feeding [43, 44]. Addition of fibre and probiotics has shown to reduce
diarrhoea in enteral feeding. In a systematic review and meta-analysis including 51 studies,
43 randomised control trials and 1,762 subjects (1,591 patients and 171 healthy volunteers),
Elia M et al. have shown that fibre supplementation was generally well tolerated and the
incidence of diarrhoea reduced (OR 0.68, 95% CI: 0.48–0.96; 13 randomised control trials) [45].
In a randomised double blind placebo controlled trial involving 62 patients, Heimburger DC
et al. have shown that most cases of diarrhoea in tube fed patients are caused by factors
extraneous to tube feeding and lactobacillus treatment did not alter the risk of diarrhoea [46].
Patients on enteral feeding are also at risk of aspiration pneumonia. There are various strategies
recommended to reduce the risk of aspiration namely head end of bed elevation, gastric
residual volume measurement and postpyloric feeding. In a prospective randomized study
involving 38 patients in medical and surgical intensive care units, endoscopically placed
feeding jejunal tube-fed patients had a lower rate of pneumonia (nil vs. 10.5%) compared to
patients fed by continuous gastric tube feeding [47]. In a literature review of 45 studies
including patients with neurogenic oropharyngeal dysphagia over a period of 1978 to 1989,
authors were not able to derive any meaningful conclusions with regard to superiority of
postpyloric feeding due to limitations of individual studies with small sample size, inconsis‐
tent definitions of aspiration, varying feeding protocols, unspecified time frames, and heter‐
ogeneous populations [48]. Monitoring enteral nutrition involves fluid electrolyte balance,
weight chart, serum electrolyte and glucose measurement, and stool charting. Refeeding
syndrome is characterised by electrolyte depletion, fluid shifts, and glucose derangements that
occur on reinstitution of nutrition in malnourished patients [49]. Chronically malnourished
patients (e.g., patients with dysphagia) are at high risk of refeeding syndrome. In a study
involving 321 patients with 92 patients at risk of refeeding hypophosphataemia, Zeki S et al.
has shown that refeeding hypophosphataemia is more common in enteral-fed patients
compared to parenteral nutrition [50]. Gradual introduction and progression of feeding over
a few days with close monitoring of fluid and electrolytes can help in the prevention and early
recognition of refeeding syndrome.
National Institute of Clinical Excellence (NICE) guidelines recommend that in an acute setting,
if patients are unable to swallow safely or meet caloric needs orally, they should have an initial
2–4 week trial of nasogastric enteral tube feeding. Health care professionals with relevant skills
and training in the diagnosis, assessment, and management of swallowing disorders should
assess the prognosis and options for future nutrition support [19]. Before modifying nutritional
support in a patient with dysphagia, level of alertness, need for feeding assistance, mobility,
recurrent chest infections, metabolic needs, etc. should be considered [19].
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5. Parenteral nutrition
In patients with short bowel or gastrointestinal intolerance, total parenteral nutrition is
required. In general, parenteral nutrition should be considered if energy intake has been, or is
anticipated to be, inadequate (<50% of daily requirements) for more than 7 days and enteral
feeding is not feasible. Total parenteral nutrition requires labour-intensive monitoring for
infection and haemodynamic stability. Metabolic complications, such as fluid overload,
hypertriglyceridemia, hypercalcemia, hypoglycaemia, hyperglycaemia, and specific nutrient
deficiencies, are usually caused by overzealous or inadequate nutrient administration.
Catheter-related blood-borne infection is the most common life-threatening complication in
patients who receive total parenteral nutrition and is commonly caused by Staphylococcus
epidermidis or Staphylococcus aureus [51]. In a study involving 331 central venous catheters used
for home parenteral nutrition with a median duration of 730 days, Buchman AL et al. have
demonstrated increased rates of catheter-related blood-borne infections in patients receiving
lipid emulsions, obtaining blood from catheter and administering medications via the catheter
[52]. The incidence of most complications associated with the use of total parenteral nutrition
is reduced with careful management and supervision, preferably by an experienced nutrition
support team if available [53].

6. Nutrition support team
An interdisciplinary nutrition support team could include physicians, dieticians, pharmacists,
and nurse clinicians. In a study involving 209 parenteral nutrition starts, Trujillo EB et al. have
showed that non-indicated and preventable parenteral nutrition initiation, short-term (defined
as less than 6 days) parenteral nutrition use and metabolic complications are less likely (34%
vs. 66%, p = 0.04) when patients receive consultation by a multidisciplinary metabolic support
service [54]. Nutritional support teams closely work with speech and swallowing assessment
teams locally at Tan Tock Seng Hospital. In patients with non-obstructive dysphagia, video‐
fluoroscopy swallowing study is conducted prior to determining the route of feeding. It is
possible that patients may be permitted oral feeds and in addition enteral tube feeding to
ensure their caloric requirements are met.

7. Conclusion
Dysphagia patients are at risk of malnutrition. Malnutrition worsens during hospitalisation.
Nutritional screening and assessment are paramount to improve outcomes. There are various
tools to assist in nutritional screening and assessment and it is advisable to use the locally
validated tool in clinical practise. Patients with dysphagia have special needs and this need to
be considered during initiation and modification of nutrition therapy. Enteral nutrition is
recommended wherever feasible. Nutrition support teams and swallowing therapy experts
should be involved in all patients with dysphagia who require nutrition therapy.
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Supplement

Ward

Bed

Unit

Patient Details

TTSH-Nutrition Screening Tool

Indicators

Scoring

Refer to instructions overleaf
Low
Diagnosis nutritional risk level

Physical appearance

0

Moderate

1

High

2

Normal

0

Moderately underweight

1

Severely underweight

2

Normal

0

Diet intake adequacy over past

Reduced moderately

1

5 days or more

Reduced severely

2

Not available

--

No

0

Unintentional weight loss over

Unsure

1

past 6 months

Yes, 0.5 – 3.0kg

2

Yes, >3.0-7.0kg

3

Yes, >7.0kg

4

Yes, Unsure

2

Total Score

IF SCORE IS 4 OR MORE, REFER TO THE DIETITIAN.

Name /Sign

__________________________

Date

__________________________

Dietitian contacted __________________________

Copyright @ Tan Tock Seng Hospital
Nutrition and Dietetics Department

1
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Instructions:. Score the patients for each criterion by referring to the tables below

High risk = 2

Diagnosis
Nutritional
Risk Level

Moderate risk = 1

AIDS

Alzheimer’ s disease /dementia

Burns, major

Cardiomyopathy

Cancer GI Tract/ Head & Neck

Chemotherapy

COPD- unstable

Congestive Heart Failure

COPD stable

Dysphagia

Diabetes (Newly Diagnosed)

DM (controlled)

Gastro- intestinaI (GI) disease
malabsorption/ maldigestion /Ileus
GI obstruction /stricture/fistula

Diabetes (Uncontrolled)

Fractures, others

Fractures, major

HIV +

Hepatic Coma/encephalopathy

GI diseases all others

Hypertension

Infection with fever

Neurological no deficits

Neurological severe deficits/coma

Liver diseases-other

Peripheral vascular disease

Skin Ulcers-pressure ulcers - stages
III-IV
Pulmonary disease: Failure requiring
ventilation
Radiation Therapy GI Tract

Nutritional anaemia

Psychological-Others

Appearance

x

x

Surgeries all not mentioned

Pulmonary Disease O2 dependant
Radiation Therapy H & N

Spinal Cord Injury- new

Renal Disease- CRF

Surgery-GI major

SLE stable

Trauma-Head/Multi

Substance abuse

Wounds, non healing

Tuberculosis

Severe loss of fat from triceps

Moderately underweight =1
x

Hollowing, depression of temples,
facial muscle wasting
Protruding, prominent bones

Slight depression of temples,

x

fat stores:
x
x

Large space between fingers
Rounded shoulders

Takes ½ -3/4 normal intake

x

No change

Occasionally

x

moderate facial muscle wasting
Bones may show slightly
Reduced moderately = 1

Takes less than ½

normal intake x

or has been NBM

x

Does not take a diet supplement
Less than 750 to

Normal = 0

Mild or moderate loss of fat
from triceps and deltoid region

x

Reduced severely = 2

Diet
intake x
adequacy
over
past 5 x
days

Radiation Therapy: all others

Skin ulcers-diabetic, pressure ulcers
- stage II
Psychological -Eating Disorders

SLE flare

(minimal space between fingers)
x

Pneumonia

Sepsis

Severely underweight = 2

Physical

Cardiac disease

Infection -Prolonged/severe

Renal Disease -ARF

x

Angina

takes a diet

Normal = 0

supplement

1000ml of a x

Takes formulas to supplement
diet

1000-1200ml of a 1-calorie /ml

x

1200-2000

ml

of

1-calorie/ml formula per day via

formula per day via feeding

1-calorie/ml formula per day

feeding tube or orally

tube or orally

via feeding tube or orally

2

3

2

1

0

Unsure

No

Unintentional
weight loss

Yes
Yes, Unsure

> 7 kg

Copyright @ Tan Tock Seng Hospital
Nutrition and Dietetics Department

> 3- 7 kg

2

Yes
0.5 - 3kg

a
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1. Introduction
A review of current literature reveals high mortality rates post insertion of feeding tubes for
the provision of long term enteral nutrition, most specifically post placement of a percutaneous
endoscopic gastrostomy (PEG). The recommendation of enteral nutrition is often a complex
decision, which requires the consideration of many aspects, including not only the medical
need for nutritional support, but also the wishes of the patient and their families. The provision
of artificial nutrition and hydration can be an emotional topic which leaves many health care
professionals uncomfortable and unsure of what recommendations to make. This chapter aims
to provide information about the different methods of enteral nutrition available and the
indication for each one. It also hopes to present a number of factors that need to be considered
by all health care professionals who are involved in the recommendation of enteral nutrition.
Enteral nutrition is the provision of sustenance into the stomach or small intestine and includes
tube feedings as well as oral nutritional supplements [1]. The focus here is on enteral nutrition
via tube feeding.

2. Indications for enteral nutrition
Optimal hydration and nutrition is required to meet the body’s daily nutritional requirements.
Patients with dysphagia may be unable to attain these minimum nutritional requirements with
oral intake and require enteral nutrition [2-9]. These patients include those who are unable to
swallow due to neurological damage or degeneration [4, 10-15], or those who have structural
abnormalities that make oral nutrition impossible, as in the case of patients with advanced
stage head and neck cancer or oesophageal cancer [16-18].
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The most common indicator for long term enteral nutrition is a cerebral vascular accident
(CVA) [3, 5, 10-12, 19-26]. Dysphagia with resulting malnutrition and/or dehydration is
common in patients who have had a CVA, explaining the high need for enteral nutrition within
this population [10, 13, 27-28]. Patients with other neurological deficits such as traumatic head
injury or neuro-degenerative diseases, may also require short or long term enteral nutrition as
a safe method of hydration and nutrition [7, 29-33].
Certain medical conditions are more likely to predispose patients to require enteral nutrition
because of concomitant dysphagia and increased nutritional needs. Patients with head and
neck cancer may develop dysphagia after radiation treatment as a result of tissue damage to
the swallow mechanism [18] with a resultant need for prophylactic enteral nutrition [17]. Those
patients who continue on oral intake may require enteral nutrition as a supplement to ensure
sufficient intake of the daily nutritional requirements while receiving radiotherapy [18]. In
cases of trauma to the body or after surgery, enteral nutrition is also recommended to aid
sufficient caloric intake to minimise loss of body fat and to support recovery [15, 29, 31-32,
34-35].

3. Enteral nutrition routes
There are different enteral nutrition routes, and the route chosen is determined according to
the length of time and the type of enteral support needed for a specific patient. The different
types of enteral nutrition include nasogastric tubes (NGTs) and nasojejenal tubes (NJTs);
surgically placed gastrostomy tubes (GTs) and jejenostomy tubes (JTs); and non-surgical
placement methods include percutaneous endoscopic gastrostomy (PEG) or percutaneous
endoscopic jejenostomy (PEJ).
Before the development of the PEG procedure by Gauderer and Ponsky in the early 1980s, a
gastrostomy tube was placed under general anaesthetic. PEG has become the most popular
method of tube placement because of the ease of insertion, minimal invasiveness and no
requirement for a general anaesthetic [36-38]. A surgical gastrostomy may still be performed
in cases where PEG is not possible due to obstruction which makes the passing of the scope
down the gastrointestinal tract impossible [39].

4. Short term versus long-term enteral nutrition
The placement of NGTs are recommended for the delivery of early enteral nutrition in the
acute stages of disease [2, 10, 13, 40]. The benefits of early enteral nutritional have been
documented within various groups of patients [41-44]. NGTs are for short term use only and
should not be in situ for periods longer than 4 to 6 weeks [2, 15], as they can cause serious
complications including nasal ulceration, chronic sinusitis and increased risk of aspiration
pneumonia [15, 39, 45].
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NGTs are easy to insert and require no surgical procedure or administration of anaesthetics
for placement [10, 14, 46]. However they are poorly tolerated by patients, and are often pulled
out after insertion thereby reducing the nutritional advantage which was the aim of placement
[47-49]. NGTs may be placed incorrectly by the professional inserting them, with incidences
reported to range from 0.3 to 27% (cited by [50] in [51]). A misplaced NGT may result in
aspiration pneumonia which can be fatal [51]. Patient positioning, with most hospitalized
patients being in a sedated state or lying flat, during NGT feeding can also result in aspiration
pneumonia [52-53]. An increase in reflux with NGT placement has been noted [39, 46]
particularly in cases with pre-existing gastro-oesophageal reflux [54]. Similar negative effects
have been noted with the use of PEGs [46].
If a patient requires enteral nutrition for a period longer than 4 to 6 weeks, and the prognosis
justifies the intervention, placement of a gastrostomy or PEG tube for the provision of long
term enteral nutrition could be considered [14, 19, 55, 56]. However, Maitines et al. (2009)
suggest a longer period of at least 6 to 8 weeks with an NGT in situ, before considering a PEG
to ensure a better outcome. Others [14] consider the prognosis and argue that a patient at the
end stages of a disease should not be considered for PEG but should rather receive nutrition
via NGT. No difference between NGT and PEG cohorts was found in the rate of complications
[46], the rate of mortality post placement [45-46] or the occurrence of pneumonia post place‐
ment [46].
Higher complication rates for gastrostomies relative to PEG placements have been reported
[57-58]. Complications include internal leakage, peritonitis, fistula, dislodgement, external
leakage and skin infection. Higher mortality rates in surgical gastrostomy cases (29%, n=35)
compared with PEG cases (17%, n=12) were not significantly different [58].
The reasons for high mortality rates include poor patient selection. Patients with risk factors
for mortality have been recommended for a PEG resulting in poor outcomes that are being
linked to the PEG procedure, when in fact these patients were at risk of death regardless of
PEG placement [59-60]. There is strong evidence linking certain underlying medical conditions
to higher mortality post PEG [5, 15, 36, 55-56, 59, 61-63]. The highest mortality rates occurred
in patients who had CVA and malignancies [22, 62].
The timing of PEG placement [24, 64] is noted also to affect the outcome. It has been suggested
that there be a 30 day delay in the placement of long term enteral nutrition to ensure a better
chance of survival, leaving patients on short term enteral nutrition for a longer period [24,
64]. The notion of poor timing in the placement of PEG is linked to poor patient selection. If a
patient has an underlying medical condition that places them at risk for mortality, it can be
argued that they would have died regardless, and early PEG insertion, at a time when they
are at risk of death due to an underlying medical condition, means that they die with a PEG
in situ which makes their death a statistic of mortality post PEG placement. To counteract early
PEG placement, it is suggested that if a patient has survived and still requires a PEG after their
condition has stabilised, only then should it be considered. Abuksis et al. (2000) noted a lower
mortality rate in patients who were deferred for the placement of a PEG until they were
discharged from hospital and if it was still required at 30 days post discharge.
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As an example, mortality in patients with CVAs usually occurs in the acute stage when a
patient is still in the hospital [65]. Dysphagia is common following a CVA [65] and many CVA
patients will regain their ability to swallow within two weeks post infarct [66]. A patient who
receives a PEG at this stage is at high risk of dying due to the underlying medical condition of
a CVA [65]. The high mortality will be reflected as a consequence of PEG placement in cases
with a CVA. The timing for the placement of a PEG in a patient with a CVA is critical, and
should only be considered if a patient has not regained their ability to swallow within four
weeks [13, 67]. During the acute stages post CVA, an NGT is recommended for the provision
of hydration and nutrition [13].
There are also a series of risk factors such as increased age, decreased body mass index, a higher
number of co-morbidities, and decreased blood albumin levels have been identified as placing
a patient at greater risk of mortality post PEG. Along with the primary medical condition and
timing of placement, these factors also need to be considered when recommending a patient
for a PEG to reduce the likelihood of poor outcomes. One such risk factor is increased age.
Patients over the age of 60 were found to have the highest mortality rate at 30-days post
insertion [20, 22-25, 55-56, 68-70]. Age together with diminished mental capacity, as with
patients who have dementia, tripled mortality in the period after placement [22]. Such
outcomes caution against PEG placement in older patients with dementia.
The positive outcomes of long term enteral nutrition should also guide decisions for such a
recommendation. One such outcome post PEG placement is the ability to return to oral intake
which can occur in patient populations with a range of medical conditions and depends on
factors such as the presence of dysphagia, age, and the underlying medical condition that
necessitated PEG placement [12, 17, 69]. Factors that determined a return to oral intake, were
the ability to take some amount of nutrition orally at 3 and 6 months post PEG placement [12],
regression of the tumour that had originally caused dysphagia post chemo/radiotherapy [12,
17] regaining of the swallow post CVA [12, 69], a younger age, the absence of dysphagia and
intervention by a speech therapist to regain the swallow pre PEG placement [71].
The provision of nutrition into the stomach via NGT or gastrostomy/PEG is common [5, 21].
Gastrointestinal intolerance of tube feedings, identified by the presence of large gastric residual
volumes, nausea and vomiting, ileus, abdominal distension, and diarrhoea [72], is a major
factor limiting adequate enteral intake in patients. In cases such as these the stomach may be
bypassed and nutrition delivered to a lower part of the gastro intestinal tract [4, 39, 73].
NJT/PEJ enteral nutrition has been noted to result in better energy intake due to improved
absorption in the small bowel and a decreased risk of reflux related aspiration due to feeds
being delivered into an area further away from the pharynx [74]. However, Davies et al. (2012)
report no difference in energy intake and risk of aspiration between patients receiving enteral
nutrition via NGT and NJT.

5. Decision making between the different routes of enteral nutrition
PEGs, GTs and NGTs have advantages and possible complications. The outcomes relate to
mortality and improved nutrition. Adequate nutrition is linked to better medical outcomes
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and survival [35, 73]. PEG is noted to be superior to NGT with regard to improvement in
general medical outcomes [46] with NGT candidates being statistically more prone to inter‐
vention failure, such as tube blockage or leakage, feed interruption and recurrent displace‐
ment, than patients who were fitted with PEG, regardless of the patient’s underlying medical
condition [46]. With better provision of feeds when a PEG is used, better medical outcomes
may be expected as a patient is more likely to receive adequate hydration and nutrition.
When patients who had a CVA were considered as a separate group from other medical
conditions, neither NGT nor PEG were superior in the delivery of nutrition. The presence of
dysphagia was the key indicator for mortality rather than the type of enteral nutrition used [36].
There exists debate around which method of enteral intake is best suited for patients with head
and neck cancer specifically. A large majority of patients with cancer are malnourished
throughout the disease process and require enteral nutrition [75]. Determining the optimal
mode of enteral nutrition in this patient population bears consideration of the benefits and
drawbacks. Sobani et al. (2011) reported PEG as being superior to NGT in that it resulted in
greater weight gain and lower mortality, but others [76] note a lower clinical risk of compli‐
cations, and a greater chance of returning to full oral intake after a six month period, with
patients left on NGT rather than fitted with a PEG. It was argued that a patient with an NGT
would be more eager to feed orally in order to progress towards removal of the tube because
of the visibility of an NGT, which can be unsightly to some. Beginning partial oral intake made
muscle atrophy less likely and sped up the return to full oral intake, compared to those
receiving nutrition exclusively via a PEG [76]. In patients with dysphagia and a range of
medical conditions including neurological fallout and head and neck cancer, Gomes et al.
(2012) noted no difference in mortality rates post PEG or NGT placement.
Mortality rates after PEG placement has been reported to be low as a direct result of the PEG
procedure [11, 77]. However, Malmgren et al. (2011) suggest that the mortality rate in the first
few weeks post PEG placement is ‘high’ and ranges between 10% and 36% depending on
sample size and medical conditions [5, 22, 55-56, 69, 78-79). The greatest majority of patients
died within a 30 day period post PEG placement and in patients with dementia, the mortality
rate was as high as 54% [79]. The 30 day mortality rates were from both developed and
developing countries where a variety of medical conditions were included in the sample.
Strong evidence links poor nutrition upon hospitalization with poor medical outcomes, such
as greater incidence of morbidity and mortality [45, 73, 80]. Malnourishment is measured using
the body mass index (BMI), with a BMI of <18.5 indicating malnutrition (WHO, 1995).
Malnourishment can be as a result of the disease process or due to socioeconomic factors [81]
and can be further exacerbated by hospitalization [13, 15, 35, 44, 48, 56, 73], because of
interruptions in the provision of enteral nutrition, inadequate nutrition prescribed and the
inability of a patient, who may be on oral intake, to physically eat independently [81]. Mal‐
nourishment at the time of PEG placement is a crucial factor noted to place a patient at risk for
mortality [19, 45, 55-56, 70, 77].
Upon admission to hospital an NGT may be placed to improve nutrition before placement of
a PEG [77]. But NGT feeds can result in minimal improvement in nutritional status because of
interrupted feeds when the patient has a procedure, late placement and commencement of
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30 day mortality Sample size
rate (%)

(N)

15.8%

359

Medical condition

Country

Researchers

Head and neck cancer (n=97) Bosnia Herzegovina

Vanis, Saray, Gornjakovic &

CVA (n=73)

Mesihovic, 2012

Malignancy (n=61)
Head injury (n=59)
Cerebral palsy (n=38)
Congenital anomaly (n=19)
Motor neuron disease (n=7)
Dementia (n=5)
22%

201

CVA (n=97)

Sweden

Malmgren et al., 2011

Turkey

Ermis et al., 2012

Turkey

Gundogan et al., 2014

Malignant oesophageal
obstruction (n=33)
Dementia (n=16)
Other neurologic disorders
(n=13) Parkinsons (n=12)
Other (n=23)
Other malignancies (n=5)
10%

77

Neurologic disorders (n=71)
Head and neck cancer (n=6)

20%

128

CVA (n=34)
Non neurologic cerebral
hypoxia (n=30)
Cranial tumour (n=23)
Head and neck cancer (n=19)
Motor neuron disease (n=13)
Other (n=9)

19%

83

CVA (n=83)

Norway

Ha & Hauge, 2003

22%

112

CVA (n=33)

Britain

Longcroft-Wheaton et al., 2009

Head and neck cancer (n=27)
Chronic neurological
disorders (n=22)
Other (n=30)
18.5%

187

Malignancy (n=187)

USA

Keung et al., 2012

36%

61

CVA (n=50)

Israel

Abuksis et al., 2004

USA

Sanders et al., 2000

Dementia (n=21)
Malignancy (n=9)
Head and neck trauma (n=3)
28%

361

CVA (n=120)
Dementia (n=103)
Oropharyngeal malignancy
(n=65)
Other (n=73)

Table 1. International mortality rates 30 days post PEG placement
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feeds or accidental removal of tubes [47-48, 72]. A nutritionally compromised patient would
benefit from placement of a PEG with the aim of improving nutrition, based on evidence that
PEG placement facilitates better improvement in nutrition [5, 75]. However PEG placement
comes with a high risk of mortality due to the patient’s initial poor nutritional status.
Based on the high mortality rate of malnourished patients, it is important to consider the
nutritional status of individuals prior to PEG placement [19, 45, 55-56, 70, 77]. A review of the
literature suggests that albumin levels may be used as a marker of a patient’s nutritional status
[82]. Albumin is a protein made by the liver, and is a measure of protein in the body. Albumin
balances the amount of blood flowing through the body’s arteries and veins and helps to
transport calcium, progesterone, bilirubin and medications through the blood. A serum
albumin test will measure the amount of protein in the blood and can be used as an indicator
of the presence of liver or kidney disease [83] which can affect patient survival. Normal levels
of albumin are considered to be in the range of 3.4-5.4 g/dL or 35-50 g/L, depending on how
specific laboratories measure it. Blomberg et al., (2011) noted the link between low albumin
levels pre-insertion of PEG and a high mortality rate post insertion. This link confirms that
hypo- albuminaemia is a risk factor that should be considered in all patients being medically
worked up for PEG placement [45, 56, 59, 77, 84]. Co morbidities like diabetes and cardiac
disease were also noted to be significant risk factors for high mortality in patients post PEG
placement [19, 56, 59, 70, 82].

6. The role of the speech language therapist (SLT)
Evidence exists to support the involvement of an SLT in the assessment and treatment of
patients with dysphagia. Langmore et al. (2011) [108] suggested that it is important for an SLT
to assess a patient with head and neck cancer and to determine the most optimal approach for
each patient to be able to recover swallowing or to compensate for losses due to surgical or
chemo-radiation intervention. The role of the SLT in the management of patients with
dysphagia who may require enteral nutrition, is not to recommend the route of enteral
nutrition, but rather to make a recommendation of whether or not the patient can eat orally
and is safe to do so. All discussions and decisions relating to enteral nutrition, whether short
or long term, should take place within an inter-professional team including the patient and
caregivers.
Considering the multitude of risk factors that exist for poor outcomes post PEG insertion, it
follows that a patient should be individually assessed for the presence of any risk factors
before being recommended for the procedure [85-87]. A comprehensive assessment by the
team needs to consider factors such as: 1) the potential benefits to the individual should they
receive a PEG, 2) biochemical parameters, like blood albumin level, 3) multiple comorbidi‐
ties, 4) prognosis, 5) and the presence of risk factors that may place a patient at risk of mortality
post procedure, such as being over the age of 60 years and a low BMI [10, 19, 23, 25, 45, 56,
69, 87-89, 90].
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Strong emphasis is placed upon a team approach when assessing patients who may be
recommended for long term enteral nutrition [85-87]. A rigorous assessment, by a team, for
each patient being considered for a PEG ought to be in place. The team needs to ensure that
all risk factors which could affect outcome are considered and that an informed decision
respects patient autonomy [60, 85-87]. A patient who is considered a high risk for mortality
should not be considered a candidate for the procedure as it would be a futile intervention.
Better patient selection would improve the outcome of patients who are recommended for and
fitted with a PEG [91].

7. Ethical considerations
A patient may refuse a NGT or a PEG procedure and wish to begin/ continue oral intake, even
if it means a shorter survival period. Patient’s decisions need to be honoured and respected
by health care professionals [92].
Where patients opt for enteral nutrition, despite the benefits that enteral nutrition can provide
a patient, such as improved nutrition and a longer survival time, quality of life is affected [93].
Health care professionals should counsel patients on the effects that a PEG tube will have on
their quality of life [94], by shifting the focus of management post PEG insertion to include
social aspects and not only clinical needs [95].
The placement of a PEG for the provision of enteral nutrition is considered a life-saving
procedure in some cases [93, 96] and many patients who have a PEG attest to this fact and the
benefit that PEG feeding provides them [96-97]. One study noted particularly positive patient
reports on their experiences living with a PEG tube, with 84% (N=51) noting a positive or
neutral effect of the tube on their lives, 90% (N=51) expressing a view that the tube was
worthwhile and 96% (N=51) noting that they would recommend it to another patient [97].
Negative experiences that a PEG has on patients’ quality of life have been extensively reported.
Common difficulties associated with having a PEG tube, which affect quality of life, include a
high level of complication, like tube blockage, leakage and discomfort [94] interference with
family life, social activities and hobbies [93-94, 98-99], interference with intimacy [94], negative
reactions from others [95], a burden placed on family or caregivers [95] and a feeling of missing
out on meal times and food [95]. Similar negative effects on quality of life are reported in
patients who receive NGT feeds [98]. A study in Taiwan noted that the majority of patients are
discharged home on NGT feeds because of a refusal to have a PEG placed [100]. Reasons
included concern over leakage and infection following a PEG, a worry that the patient is too
old and frail to undergo an operation and a cultural belief that the patient will not die “whole”
if they have a PEG in situ [100].
In light of the high mortality rate post PEG placement, the concept of futility bears discussion.
Futility refers to a medical intervention that would have no effect, or if there was an effect, it
would not be one that the patient benefitted from [89]. Many patients receive long term enteral
nutrition where no effect or benefit is proven in terms of nutritional improvement or survival
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[56]. All aspects linked to possible mortality must be considered, and risks and benefits
weighed before a recommendation for enteral nutrition is made. If a patient is considered to
be a high risk for mortality, certain procedures that will cause further suffering and no benefit
may be deemed futile [7], and should be avoided [21]. The decision to place a PEG should be
based on the perceived benefit it will bring to the patient [89] and if no benefit is presumed,
then the procedure should not be done. A patient who is identified as a high risk for mortality
post PEG placement should not receive a PEG but rather they and their families should be
counselled on the risks that exist and the reasons for deferred placement. A team can make a
recommendation for enteral nutrition based on their knowledge but a cognitively intact patient
must make the final decision after being fully informed about the benefits and risks involved
in the proposed management plans [89].
The issue of futility in PEG placement is most particularly noted in the case of patients with
advanced dementia being fitted with a tube for the provision of long term enteral nutrition
[101-102]. In this population, the placement of a PEG has no benefit to the patient and can
actually lead to decreased survival due to complications, such as aspiration, that result from
the placement [89, 102]. The use of long term enteral nutrition in patients with malignancy,
with the aim of nutritional gain, needs to be questioned as there is no real nutritional gain in
these patients post placement [16, 62, 78].
Azzopardi and Ellul (2013) suggest that, in certain patient populations, the insertion of a PEG
will only prolong a life which is of poor quality and it needs to be determined through
discussion whether this decision is ethical. A consideration in South Africa particularly, is
whether it would be appropriate to perform futile procedures in a resource constrained public
hospital sector [103]. If PEGs are placed in cases where patients have poor prognosis and are
considered high risk for mortality post PEG placement, an argument could be made that the
scarce resources would be better directed to those patients with potentially better outcomes.
The use of protocols in patient care ensures adherence with best practice. They are important
documents to which health care professionals should refer to guide practice that will result in
the provision of the best possible care [104]. Protocols for the assessment and management of
patients with dysphagia who require enteral nutrition exist [2, 38, 66, 105] but do not include
considerations like assessment of risk factors to justify the PEG procedure. Further, adherence
to protocols cannot be assumed. The presence of risk factors in patients do not always deter
health professionals in making a recommendation for PEG placement, as is evident by the
persistence of high mortality rates, despite the known effects of risk factors and their effect on
mortality [56].

8. End of life and enteral nutrition
The decision to refer a patient for a PEG placement or not, includes holistic consideration of
many factors to make a recommendation that is in the best interests of the patient.
The provision of hydration and nutrition at the end of life care is an area of debate and can
become a highly emotional topic. Delegge et al. (2005) suggest that the decision to place a
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feeding tube consider the basic principles of professional ethics. Informed consent from an
adult who is cognitively intact is imperative, and the benefits of the placement of enteral
nutrition must outweigh the risk of the procedure, which should cause the patient no harm [89].
The concept of palliative care needs to be introduced as a real alternative for patients who are
not considered candidates for PEG placement due to the presence of risk factors that place
them at high risk for mortality. The World Health Organisation (2002) considers palliative care
as “...an all-encompassing approach to care that begins months or years before death”. PEG
placement does not always benefit the patient, and although the actual PEG procedure does
not harm the patient, the risk of mortality post placement is high, which in turn is harmful to
the patient. The choice of refusing a PEG and remaining on oral intake as a form of palliative
care should be made available to all patients and their caregivers, with provision of education
and support for the decision they may make. The inclusion of a palliative care option for
patients who do not wish to have a PEG placed would provide them with an alternative option,
and it would also ensure that futile procedures are avoided which would uphold medical
ethics.
The decisions around the recommendation of enteral nutrition, particularly in very ill patients
who have a poor prognosis, are not easy for health care professionals to make. Clear guidelines
that are based on evidence are crucial in order to help health care professionals navigate these
difficult decisions that are often clouded with human emotion.
A role not often considered by SLTs is that of palliative care. The provision of artificial nutrition
and hydration (ANH) to patients who are in the end stages of disease is debated, and can evoke
emotional responses [106]. It is common for patients in the end stages of disease to have little
or no oral intake [106]. Many practitioners may feel that depriving a patient of hydration and
nutrition is unethical and can make health professionals uncomfortable [89,107]. A study of
nurses’ perceptions on ANH in palliative care yielded more clinical reasons for withholding
of ANH than for providing it [106]. Reasons supporting provision of ANH were emotive, not
based on clinical fact and were not in the best interests of the patient [106].
In practice, there comes a time, when a decision needs to be made about the hydration and
nutrition needs of a patient in the end stages of disease. The SLT is often the professional who,
based on the assessment of the patient’s swallowing, is in a position to determine the feasibility
of nutritional intake. It is important that the SLT and the inter-professional team are educated
in the field of palliative care and ANH [106-107] to contribute to making an informed decision
regarding a patient’s options at end of life and reduce the number of inappropriate referrals
for futile procedures with poor outcomes.

9. Conclusion
Based on a review of current literature some important points have been raised around the
recommendation process for enteral nutrition in adult patients with dysphagia. The key focus
in any decision making process for medical procedures should be on patient autonomy. If a
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patient consents to placement of a PEG for the provision of long term enteral nutrition, with
a full understanding of the impact it will have on them, not only medically but socially and
emotionally too, then a standard assessment procedure needs to follow. Assessment should
be carried out by a team of health care professionals, including the SLT, and should include a
consideration of the patients underlying medical condition, indication for PEG, prognosis of
survival post procedure, age, nutritional status, the presence of co-morbidities and biochemical
parameters. Based on the assessment findings, the team, in conjunction with the patient and
their family, need to make a recommendation. If a patient is considered to be a high risk for
mortality following PEG placement then alternate methods of intake need to be discussed with
and recommended to the patient and their family, with education and counselling provided
on the benefits and risks of oral intake as a form of palliation. A thorough assessment procedure
will help to ensure that futile procedures are avoided and only patients who consent to and
who will benefit from PEG placement are recommended for the procedure.
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1. Introduction
The medical effects of dysphagia, including dehydration, malnutrition, and aspiration, that
lead to pneumonia are well documented throughout the literature, as are the negative
consequences of dysphagia on an individual’s functioning and quality of life. What is less
known, however, is how the family members of people with dysphagia are impacted by this
condition. Understanding the issues faced by individuals who support and care for family
members with dysphagia, and exploring how health professionals can best support the needs
of the entire family is an important and emerging area of both research and clinical practice.

2. The biopsychosocial effects of dysphagia
Dysphagia is traditionally defined as a difficulty or abnormality in swallowing. In adulthood,
it is predominantly an acquired condition and may result from a wide variety of etiologies. It
can also result from changes associated with the effects of normal aging [1]. Over the past four
decades, the bulk of research conducted in the field of dysphagia and its management has
focused on understanding this condition at an impairment level. Through this historical body
of work, swallowing is now understood to be a complex physiological process that involves
precision timing and coordination of multiple structures within the neuromuscular system.
Oropharyngeal dysphagia can be associated with a range of physiological impairments, which
may lead to difficulty in oral preparation of the bolus, moving the bolus posteriorly toward
the pharynx, triggering and coordinating the pharyngeal swallow, clearing the bolus into the
upper esophagus, and protecting the airway from food and fluid entry [2]. Depending on the
etiology of the condition causing dysphagia, individuals may also be affected by associated
impairments such as xerostomia (dry mouth), taste changes, or excessive secretions that may
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further impact capacity, motivation, and desire to eat. The associated medical effects resulting
from difficulty in swallowing may include dehydration, malnutrition [3], and respiratory
dysfunction (including pneumonia) [4], and ultimately can lead to death in severe cases [5].
The traditional management approaches that have evolved in parallel with our understanding
of the process of normal swallowing have also been predominantly based on impairment.
Interventions including postural strategies, swallowing techniques, and modification of food
and fluid textures are used as first-line treatment options to compensate for specific physio‐
logical impairments and to improve the efficiency and safety of oropharyngeal swallowing
function. Active rehabilitation programs, which are typically implemented in parallel to
compensatory measures, are developed following a combination of clinical and objective
assessments (videofluoroscopy or fiber-optic endoscopic evaluation of swallowing) and
involve behavioral and medical interventions designed to improve swallowing physiology for
long-term gain.
While management services for adult-acquired dysphagia remain predominantly focused on
remediating physiological impairments, in particular, the need to consider the wider psycho‐
social impacts of dysphagia has been highlighted in the past decade. It is now recognized that
health professionals must consider dysphagia and its effects more broadly, and that dysphagia
is, in fact, a multifaceted condition. In addition to its impact on the medical condition of the
individual, dysphagia has also been demonstrated to effect functioning in daily life and overall
quality of life [6]. Eating and drinking is a source of human pleasure. Dysphagia can make this
process and the activities surrounding it laborious, uncomfortable, and difficult [7]. Irrespec‐
tive of the cause, dysphagia has been found to have a significant negative impact on the quality
of life both immediately and months or years following its onset [5, 6, 8]. In the geriatric
population, reduced quality of life has been associated with self-perceived swallowing
difficulties, a condition that older people did not necessarily associate with normal aging [9].
Recent studies have also demonstrated the impact of dysphagia on psychosocial health. In a
population-based study, dysphagia was reported by 16% of those surveyed, with intermittent
dysphagia associated with anxiety and progressive dysphagia associated with depression [10].
Anxiety and depression are also significantly worse in head and neck cancer survivors with
dysphagia than those without dysphagia, irrespective of treatment type [8, 11]. For people
with dysphagia, difficulty in swallowing has been found to affect socialization, eating out,
family rituals, cooking, and shopping [12-14]. As such, the concept of dysphagia needs to be
reconsidered. Dysphagia is more than simply a physical difficulty. Rather it represents a
complex and multilayered condition that may impact on a person’s physical, emotional, and
social life and carries significant burden surrounding functioning in everyday activities.
In order to embrace a wider view of dysphagia, a new conceptual framework is required. The
International Classification of Functioning, Disability and Health (ICF) [15] (Figure 1) has been
both proposed [16] and used [17-21] as a consistent and universal taxonomy to report research
outcomes regarding dysphagia. The ICF is a conceptual framework that provides a biopsy‐
chosocial perspective of functioning, and uses an internationally recognized language [15]. It
has the potential to describe the far-reaching complexities of dysphagia through the consid‐
eration of functioning from the perspective of the body, the individual, and society in two
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parts: (1) functioning and disability and (2) contextual factors [15]. Functioning and disability
comprises (a) the body functions and body structures and (b) activities and participation. The
contextual factors are comprised of (a) environmental factors and (b) personal factors (WHO,
2001) (Figure 1).
Each of the components of the ICF consists of various domains and categories that are referred
to as the units of classification. Therefore, the functioning of an individual with a health
condition can be documented using the appropriate category code and then adding qualifiers,
which are numeric codes that specify the magnitude of the individual’s functioning or
disability within that category [15]. An alphanumeric coding system is used for coding health
conditions in the ICF. The letters b, s, d, and e represent body functions, body structures,
activities and participation, and environmental factors respectively. A numeric code then
follows these letters, which denotes the domain (or chapter number), followed by additional
sublevels of coding, and then the qualifiers (WHO, 2001). For example, changes to taste would
be linked to the code b250 - taste function where b represents the body functions domain and
the numbers (i.e., 250) represent the various levels of classification.

Figure 1. International Classification of Functioning, Disability and Health (ICF) [15]

Recently, a study examining the consumer’s perspective of living with dysphagia following
management for head and neck cancer utilized the ICF to classify patients’ physical, emotional,
and psychosocial concerns relating to their dysphagia [20]. The results demonstrated that
dysphagia impacted on body functions, activities and participation, and environmental factors
almost equally, with changes to body structures rarely mentioned by people with dysphagia.
Therefore when dysphagia is examined more broadly, using a framework such as the ICF, it
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clearly has far-reaching life effects beyond the physiological changes to the swallow and the
medical implications of dysphagia.

3. The effects of dysphagia on the family
Mealtimes, eating, and drinking are profoundly social activities that sustain not only our
physiological needs but also our social and emotional life [22]. The meanings we attach to food,
and the processes of eating and swallowing are deeply connected to our most valued activities
and experiences, and are integral to how we see ourselves as individuals and in relation to
others [23]. As such the negative effects of dysphagia are recognized to influence more than
just the life of the person with the condition.
In a recent study that mapped the experiences of living with dysphagia following nonsurgical
head and neck cancer management to the ICF, a number of environmental factors were
identified to influence the functioning (and disability) of the individuals with dysphagia [20].
In particular, family members were identified as important sources of support for people with
dysphagia throughout the trajectory of care, particularly in regards to meal preparation and
the encouragement to keep eating [20]. In addition to playing an important support role, there
is emerging evidence to indicate that families also experience negative effects as a result of
living with and supporting individuals with dysphagia [24-26]. For the purposes of this
chapter, family is defined as any individual who plays a significant role in the life of the person
with dysphagia. This definition encompasses a broad concept of family, and is consistent with
other literature, whereby family is described as being two or more people who are related in
any way, including through a continuing biological, legal, or emotional relationship [27].
Recent research has demonstrated the pervasive effects of dysphagia on family members
following a number of different etiologies including head and neck cancer treatment [24,
26, 28, 29], stroke [25], traumatic brain injury [25], and motor neuron disease [30]. This body
of evidence has revealed that families are important members of the support team for people
with dysphagia as they provide valuable practical and emotional support. The high levels
of burden experienced by family members in relation to food and meal preparation may
hinder their ability to function effectively as a support system for the individual with
dysphagia [24, 26, 31]. It can also affect their physical and psychological health, and quality
of life [24, 25, 32].
Verdonck de Leeuw et al. [32] found that the presence of a gastrostomy tube, a surrogate
indicator of dysphagia, in people with head and neck cancer was the only significant predictor
of distress in family carers. Supporting this, the family members of people with head and neck
cancer and dysphagia have been shown to experience a reduced quality of life both before
cancer treatment and in the early acute phase, with significant improvements shown between
3 and 12 months post-treatment [24]. Evidence supports that the family member’s quality of
life was found to significantly correlate with the functioning of their family member with
dysphagia [24]. Therefore, the presence of dysphagia has the potential to have significant
effects, not only on the life of the person with dysphagia but also on their family. Despite
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differing etiologies, family members of people with dysphagia consistently report negative
effects on their everyday lives as a result of the dysphagia particularly in relation to: managing
modified diets/fluids, and providing appropriate meals; negative influences of dysphagia on
family dynamics and social activities; and the emotional impacts of dysphagia [24-26, 28-30].
3.1. Managing modified diets and fluids and providing appropriate meals
A number of studies have noted that family members of people with dysphagia report
experiencing distress associated with food preparation and mealtime activities [24-26, 31].
Consistently across multiple studies, family members reported changes to their meal prepa‐
ration, noting a need for more conscious and intentional thought and planning, and the need
to cook two separate meals [24-26]. Preparing food and meals is one of the most significant
ways of providing care, and demonstrating love and concern for others [22, 24, 33]. Though
often discounted as trivial, there are a number of important skills involved in the work of
“feeding the family” [22]. These skills include: planning meals, learning the food preferences
of others, learning about food and preparation techniques, provisioning and shopping for
food, preparing meals, serving meals, feeding, and cleaning up from meals.
Meals have been described as fundamental to our daily thinking and acting and are core
component to how we organize our days [34]. It is has been estimated that the average person
makes over 260 decisions a day regarding eating and that more than 200 of these choices are
made subconsciously [35]. When it comes to preparing meals for an individual with dysphagia,
decisions regarding eating and drinking are likely to increase and will likely no longer be
subconscious. Putting a meal together requires more than cooking as it takes “thoughtful
foresight, simultaneous attention to several different aspects of a project, and a continuing
openness to ongoing events and interactions” (p. 55) [22]. When a family member has dys‐
phagia, putting a meal together becomes a more intense and time-consuming process [26].
3.2. Influence of dysphagia on family dynamics and social activities
Dysphagia has a recognized influence on family dynamics [24-26, 30, 31]. Many families report
the need to accommodate the needs of their family member with dysphagia and consistently
find a disruption to family mealtimes [26]. For a number of families, their meals are now
dictated by what their family member with dysphagia can eat and some families also eat
textured modified diets [26]. In addition, several families have commented that they no longer
ate meals together as they did not want to eat in front of their family member with dysphagia
[26, 30]. Those that did reported changes to the meaning and experiences of family meals
[24-26]. In some studies family members reported leaving the dinner table because they could
not cope with their family member’s dysphagia [25, 26]. Family mealtimes are often acknowl‐
edged as an important get-together time to enrich family life and “eating together means
staying together” (p. 11) [34]. When one member of the family can no longer fully engage in
the mealtime experience because of dysphagia, the effects are felt by the entire family unit as
there is a loss in the social bonds of food and meals [24-26, 30, 31].
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The effects of dysphagia, on family members at mealtimes, are not limited to the home.
Numerous studies have documented the negative effects of dysphagia on family member’s
social lives including eating out at restaurants and attending significant events such as
weddings and holidays leading to further feelings of frustration and isolation [24-26]. Some
family members reported looking for opportunities to eat foods that their family member could
no longer eat when their family member with dysphagia was not present [26]. Despite the
disruptions to family meals and social engagements, the family members in one study reported
that they believed the dysphagia did not have a significant impact on their relationship, but
had in fact brought them closer together, indicating that family members learn to adapt and
adjust to the dysphagia [26].
3.3. Emotional impacts of dysphagia
Numerous emotional impacts of dysphagia on family members have been discussed in the
current literature. These emotional impacts have been expressed around a variety of areas.
Johansson and Johansson [25] noted that family members of people with dysphagia following
stroke or traumatic brain injury expressed concern about their family member’s health and
well-being, particularly regarding nutrition, weight maintenance, and the need to pay special
attention to texture-modified diets. These findings are similar to those found in family
members of people with dysphagia following head and neck cancer. Both Patterson et al. [24]
and Nund et al. [26] discussed feelings of fear, guilt, frustration, anger, stress, and helplessness
over the enforced changes to meal preparation [24,26]. In addition, family members expressed
feelings of insecurity, uncertainty, loneliness, and frustration [24-26] when leaving the care of
the hospital services. Family members in these studies reported feeling ill-prepared and
anxious regarding the increased responsibilities for their family member’s food and eating
[25-27]. These findings across studies highlight the need for specific interventions for family
members to build capacity and provide support in the multiple roles they undertake in caring
for their family member with dysphagia [26].

4. Third-party disability in dysphagia
The impact of dysphagia on an individual’s family is increasingly being acknowledged as an
important consequence of dysphagia [24-26]. The effects of a health condition, such as
dysphagia, on the functioning (and disability) of family has been termed “third-party disabil‐
ity” and identified as an area for future work by the WHO [15]. The concept of third-party
disability is raised in the situation where the family member may not have a health condition;
however, they may experience activity limitations and participation restrictions as a result of
their family member’s dysphagia.
Although the concept of third-party disability is still under some conceptual debate, to date
the ICF has been used successfully to describe the third-party disability of spouses of older
people with hearing impairment [36]; close family members of people with aphasia [37]; and
more recently, family members of people with dysphagia following head and neck cancer [38].
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A model extending the ICF to explain third-party disability has been proposed [36] and an
adapted version of this model, specifically relating to dysphagia, is shown in Figure 2. This
adapted model demonstrates how the functioning and disability of an individual with
dysphagia acts as an environmental factor for the family member, influencing their functioning
(and disability).
Family member’s
health condition

Family Member’s Third-Party Functioning and Disability
Body Functions
& Structure

Activity

Participation

Individual with dysphagia’s
health condition

Individual with Dysphagia’s Functioning and Disability
Body Functions
& Structure

Environmental
Factors

Activity

Environmental
Factors

Personal
Factors

Participation

Personal
Factors

Figure 2: Application of the ICF to family members of people with dysphagia (adapted from
Figure 2. Application
of al.
the[36])
ICF to family members of people with dysphagia (adapted from Scarinci et al. [36])
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It should be noted,
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however, that
these
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were
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meals because
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regarding food and fluids [38].
preparation
were not related to impairments in their body functions, or even in their capacity
to prepare a meal. Rather, family members reported experiencing difficulties preparing meals
because their family member with dysphagia had specific requirements regarding food and
fluids [38].
This finding is consistent with the definition of third-party disability whereby although the
family member does not have a health condition, they experience activity limitations and
participation restrictions as a result of their partner’s health condition (i.e., as a result of their
partner’s dysphagia) [14]. In this mapping process, it was observed that the most relevant
domains of the activities and participation component of the ICF were those of interpersonal
interactions and relationships, domestic life, general tasks and demands, learning and
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applying knowledge, self-care, major life areas, and community, social and civic life [38]. The
number of relevant activity and participation domains highlights the pervasive effects of
dysphagia on the life of the carer and demonstrates that food and meals underpin a number
of life areas for family members of head and neck cancer survivors with dysphagia. This study
confirmed that ICF terminology can be used successfully to describe the multifaceted and
complex effects of dysphagia on family members of people treated nonsurigcally for head and
neck cancer.

5. Strategies used by family members to cope with dysphagia
In reponse to the pervasive effects of dysphagia, studies reported to date have identified a
number of strategies and processes family members adopt to adjust and cope with their
family member’s dysphagia and the associated impacts on their life [24-26]. A predomi‐
nant theme across studies is the acceptance of a new normal. That is accepting that meal
preparation, mealtimes, and social occassions may never be the same. In order to reach this
point, family members across studies noted the need to negotiate changing roles in regards
to their family members dysphagia and the need to take on more roles within the house‐
hold [24-26].
Other strategies reported by family members include maintaining a positive attitude;
looking for opportunities to eat foods that their partner could not eat when they were not
present; and using trial and error strategies to learn what foods their family member could
and could not eat. Each of these strategies and adjustment processes were often made
without the support of health professionals and family members across studies have
consistently reported the need for further education, training, and support from health
professionals to help them adapt and adjust to their family member’s dysphagia regard‐
less of etiology or severity of dysphagia [25, 26, 29].

6. Role of family-centered care in dysphagia management
Given the emerging evidence supporting the important role of family members in the
provision of informal care for people with dysphagia, and the potential for third-party
disability in family members of people with dysphagia, active involvement of family
members in all aspects of dysphagia assessment and intervention is clearly indicated. This
could be achieved in dysphagia management by shifting from a patient-focused, impair‐
ment-based model of intervention, to providing a more holistic, family-centered ap‐
proach. The Institute for Patient- and Family-Centered Care [39] define family-centered care
(FCC) as “... an approach to the planning, delivery, and evaluation of healthcare that is
governed by mutually beneficial partnerships between healthcare providers, patients and
families.” Although traditionally used in pediatrics, FCC can be applied to people of all
ages, and used in any health care setting [39, 40].
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The term “family-centered care” is sometimes used synonymously with patient-centered care
and client-centered care. However, an important distinction between FCC and the other forms
of centeredness is that FCC seeks to explicitly assist families in ways that are important to
family members [41, 42]. As such, FCC ensures that care is planned around the whole family;
and importantly, the entire family is recognized as receivers of care, not just the individual
with dysphagia [43, 44]. In the context of third-party disability, FCC is the most relevant type
of centeredness in health care because it emphasizes the importance of health care that is
mutually beneficial to all [45].
The principles of FCC originated in the field of psychology, and specifically, family-systems
theory. According to family-systems theory, the behavior of any individual should be viewed
in the context of their family’s social system [46]. This consideration is supported by empirical
evidence showing that family relationships affect biological systems, psychological well-being,
and health behavior [47]. Therefore, consideration of the contribution of family relationships
to health outcomes is an important consideration for any health service. Family-systems theory
also supports the notion that family members play an important role in promoting ongoing
change and development in an individual’s functioning, and these changes have the potential
to affect the entire family unit.
Given FCC has its roots in theories from psychology, there is a body of evidence in the field
of psychology supporting the efficacy of involving family members in interventions. The range
of psychological disorders for which involvement of family members has been investigated
has been diverse, but includes such conditions as obsessive compulsive disorder and problemgambling [48-57]. This body of research has shown that interventions that include family
members are more effective than individual treatment [52, 54]. Research has also demonstrated
that the inclusion of family members in intervention increases opportunities for the family to
improve their communication [53, 57]. Involvement of family members also allows professio‐
nals to obtain a more holistic view of the true impact of the problem as well as the role of family
dynamics [56].
Research in pediatric health care has long demonstrated the benefits of FCC for children with
a variety of health conditions. A recent systematic review highlighted the benefits for both
patients and family members in terms of improvements in the health condition, improved
efficiencies and access to health care services, and improved communication between health
care professionals and families [58]. In terms of family functioning, a meta-analysis by Dunst
et al. [59] also showed improved family behavior and functioning as a result of FCC. More
recently, the application of FCC to adult health care services has been discussed in the literature
[40], with a number of documented benefits. Studies have shown that active engagement of
family members in medical consultations for patients with chronic conditions results in greater
patient engagement in decision making [60], improved recall of information [61], improved
satisfaction with care and health-related quality of life [62, 63], increased compliance with
medical treatments [64], decreased depression rates, and overall better family dynamics for
patients and family members [65, 66]. These benefits have been shown to be especially strong
for families of patients with physical health conditions due to the physical assistance provided
by these family members on a daily basis [67-69]. In the case of dysphagia, it is expected that
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due to the chronic nature of this condition and the ongoing supports required by family
members in mealtime preparation and assistance, the application of FCC for this population
would yield similar benefits.
The Institute for Patient- and Family-Centered Care [39] describes four key components for
applying FCC, which could be implemented in dysphagia management: (1) respect and dignity
for patients and family members, such that health care professionals listen to and honor the
perspectives and choices of patients and family members; (2) the provision of complete and
unbiased information to patients and family members such that they can participate effectively
in the decision-making process; (3) participation of patients and family members in all aspects
of care and decision making; and (4) collaboration with patients and family members in all
levels of health care, including policy and program development, implementation and
evaluation, facility design, professional education, and in the delivery of care.
In listening and honoring the perspective and choices of people with dysphagia and their
family members, clinicians should follow the recommendations outlined by Laidsaar-Powell
et al. [70] in order to optimize family member involvement. These include: encouraging,
welcoming and involving family members in all aspects of the consultation; and determining
the reason for the presence of family members from the perspective of both the patient and
family member. Although family members of people with dysphagia may attend consultations
with the patient, their role may traditionally be viewed by the health professional as that of
“support person” for the individual with dysphagia. However, a recent systematic review of
family member involvement in physician consultations highlighted that family members may
play a number of roles in supporting patients, ranging from being a memory aide and
transcriber to providing emotional support and serving as an advocate and interpreter [70].
A narrow perception of these roles by health professionals may serve to prevent full and active
participation in the management plan, with a recent study indicating that health professionals
may miss valuable opportunities for engaging family members in designing chronic care
management plans, and failing to facilitate participation of family members in consultations
[71]. Thus, in order to facilitate FCC in dysphagia management, clinicians should not only be
mindful of highlighting helpful behaviors from family members; but also clarifying and
agreeing on the role of the family member in the initial stages of the consultation. LaidsaarPowell et al. [70], however, highlight the importance of respecting patient preferences for
family member involvement, ensuring that patients consent to and support the involvement
of their family member.
In dysphagia management, the provision of health information that is complete and unbiased
is especially important given the health-related quality of life implications of dysphagia [2, 5].
Both people with dysphagia and their family members report the need for more personalized
and practical information regarding dysphagia management [13, 26, 28-31]. Johnson [72]
further emphasizes the importance of providing complete and unbiased information on a
continuous basis. This, of course, is especially important for people with dysphagia who may
not understand or have difficulty following recommendations due to associated cognitive
impairments [73], and require their family member to take full responsibility for the decisionmaking process. In dysphagia management, health information must be both family-centered
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and holistic in nature, to ensure that the full consequences of dysphagia on the everyday lives
of people with dysphagia and their family members are discussed. Previous research has
documented the desire of both people with dysphagia and their families to receive more
information regarding the potential everyday impacts of dysphagia and how these impacts
can be managed [14, 26]. In addition to providing information about the everyday impacts of
dysphagia, in order to provide effective FCC, health professionals should also provide
information about the role of family members in the management process [74], including issues
relating to meal preparation, shopping for textured modified foods, household organization,
nutrition, and encouraging their family member with dysphagia to keep eating [26], and
importantly, discussion of strategies and resources that may aid them in this role.
Another consideration for clinicians is how this information provided to people with dyspha‐
gia and their family members could most effectively inform shared decision making. Shared
decision-making is one of the key principles of FCC and involves active participation of both
the patient and family in the decision-making process. Kaizer et al. [73] described a shared
decision-making model that was used with people with dysphagia and their family members
in a rehabilitation hospital setting. Kaizer et al. [73] acknowledged that the use of a familycentered shared decision-making model was important in the management of dysphagia as
the success of dysphagia recommendations required considerable cooperation and participa‐
tion of both people with dysphagia and their family members. Engagement of people with
dysphagia and their family in the decision-making process is especially important to ensure
that they understand and agree with the recommendations being made. In situations when
patients and families feel “forced” to follow a management plan they do not agree with,
divisions may develop between family members, hampering positive relations between the
patient and family and the health care team [73].
It is clear that in order to promote the best possible outcomes for people with dysphagia, and
minimize the third-party disability experienced by family members of people with dysphagia,
the provision of more holistic, family-centered approach to dysphagia management is
recommended. This chapter has provided some key evidence supporting the use of FCC in
other areas of health care, which could readily be applied to services for people with the
dysphagia and their families. Some important considerations for the successful implementa‐
tion of FCC have also been discussed, with concepts from other fields of health care applied
to dysphagia rehabilitation.

7. Conclusion
Current research has documented both the medical, psychosocial, and health-related quality
of life impacts of dysphagia. In addition, emerging research is also demonstrating the perva‐
sive nature of dysphagia on family members. Though the physiological impacts of dysphagia
are generally well recognized and managed, people with dysphagia and their families may
also experience significant negative effects on their daily lives including impacts on meal
preparation, family dynamics and family mealtimes, social occasions, and psychological
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effects. Though clinicians generally recognize the importance of family members, many focus
their attention on the individual with dysphagia and therefore the effect of dysphagia on family
members is rarely assessed or managed. Providing a more holistic and family-centered
approach to dysphagia assessment and management, using a framework such as the ICF, may
not only assist the family, but may also result in more positive long-term outcomes for people
with dysphagia. In the next decade, further research is required to document the effects of
dysphagia on the family and to develop new and innovative treatments for family-centered
care in dysphagia management.
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1. Introduction
Parkinson's disease (PD) is the second most common neurodegenerative disorder among the
elderly after Alzheimer’s disease. It affects around 1% of the population over 65 years of age
and has a prevalence of 4% or more among individuals over the age of 85 years [1]. The
condition is primarily the result of a progressive, chronic loss of dopaminergic neurons in the
substantia nigra and striatum and presents with or without intracytoplasmic Lewy body
deposits [1-3]. A monogenic etiology is found in only around 5% of cases. In cases that do not
have a monogenic etiology, the condition is known as sporadic or idiopathic PD and occurs
as a result of interaction between a series of hereditary and environmental factors [3].
Bradykinesia, tremors, rigidity, and postural instability are the main motor signs of PD [4]. PD
also presents with a series of non-motor manifestations, including changes in behavior,
cognition, learning, and the autonomic nervous system. Dysautonomias are major complica‐
tions of PD and include orthostatic (postural) hypotension (OH), constipation, anhydrosis,
erectile dysfunction, sialorrhea, dysphagia, esophageal dysmotility, gastroparesis, irritable
bladder symptoms, and nocturia [5-7].
Dysphagia is a problematic and sometimes dangerous feature of PD. Oropharyngeal dyspha‐
gia can have a negative impact on quality of life [8,9] and increases the risk of aspiration
pneumonia, which is often a cause of death in PD [10,11]. Subjective dysphagia occurs in one
third of PD patients. Objectively measured dysphagia rates are much higher, with four out of
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five patients being affected. The prevalence of dysphagia in four studies was between 72% and
87%, with a pooled prevalence estimate of 82% (95% CI 77%–87%), suggesting that while the
condition is common in PD, patients do not always report swallowing difficulties unless asked.
This under-reporting calls for a proactive clinical approach to dysphagia, particularly in light
of the serious clinical consequences of the condition [12].
The aim of this chapter is to show dysphagia as a symptom/sign and an important cause of
disability in patients with PD.

2. Definition and classification of Parkinsonism and PD
PD is a progressive parkinsonism of undetermined cause without features suggestive of an
alternative diagnosis. It responds to dopaminergic treatment and is associated with depletion
of dopaminergic neurons and the presence of Lewy body inclusions in some of the remaining
nerve cells [13-15].
The diagnosis of PD is based on clinical criteria as there is no definitive laboratory test to
diagnose the disorder. Pathological confirmation of Lewy bodies on autopsy, a hallmark of
PD, has historically been considered the standard criterion for diagnosis [13]. In clinical
practice, diagnosis is usually based on the presence of a number of cardinal motor features,
response to levodopa, associated symptoms, and the exclusion of other disorders [15]. When
patients have a classical presentation, diagnosis of PD is relatively simple. However, differ‐
entiating PD from other forms of parkinsonism in the early stages of the disease, when signs
and symptoms overlap with other syndromes, can be difficult [16]. Criteria for diagnosis of
PD were developed by the UK Parkinson’s Disease Society Brain Bank (Table 1) and the
National Institute of Neurological Disorders and Stroke (NINDS) [7,14]. When standard
clinical criteria such as the UK Parkinson's disease brain bank criteria are used, significantly
more accurate clinical diagnosis of the disease is possible; however, as many as 10% of patients
diagnosed with the disease in life will still need to be reclassified at post-mortem examination
[17]. These criteria have been estimated to have a diagnostic specificity and sensitivity of 98.6%
and 91.1%, respectively [18].
Parkinsonian disorders can be classified into four categories: primary (idiopathic) parkinson‐
ism, secondary (acquired, symptomatic) parkinsonism, heredodegenerative parkinsonism,
and multiple system degeneration (parkinsonism plus syndromes). A number of features,
including tremor, early gait abnormality (e.g., freezing), postural instability, pyramidal tract
signs, and response to levodopa, can be used to distinguish PD from other parkinsonian
disorders. While differences in the density of postsynaptic dopamine receptors in PD patients
or patients with atypical parkinsonian disorders have been used to account for the poor
response to levodopa therapy in the latter group, other explanations may also be possible [19].
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UK Parkinson’s Disease Society Brain Bank
Step 1
Bradykinesia
At least one of the following criteria:
Muscular Rigidity
4–6 Hz rest tremor
Postural instability not caused by primary visual, vestibular, cerebellar, or proprioceptive dysfunction
Step 2
Exclude other causes of parkinsonism
Step 3
At least three of the following supportive (prospective) criteria:
Unilateral onset
Rest tremor
Progressive disorder
Persistent asymmetry affecting the side of onset most
Excellent response (70%–100%) to levodopa
Severe levodopa-induced chorea (dyskinesia)
Levodopa response for 5 years or more
Clinical course of 10 years or more
Table 1. Diagnostic criteria for Parkinson’s disease (PD) [7,14]

3. Non-motor symptoms in Parkinson’s disease
In his “Essay on the Shaking Palsy,” James Parkinson did not consider PD to be just a motor
disorder, and in 1817 he described the presence of sleep disturbance, constipation, dysarthria,
dysphonia, dysphagia, sialorrhea, urinary incontinence, and constant sleepiness with slight
delirium [20]. What has been well established is that in PD patients, non-motor symptoms
(NMS) occur in more than 90% of individuals in all stages of the disorder and include a variety
of symptoms from neuropsychiatric and autonomic dysfunction to sleep disturbances and
little-understood and little-reported sensory symptoms such as pain and impaired vision [21].
These NMS frequently occur throughout the course of PD and may occur concurrently with
motor symptoms or precede their onset by several years [22]. In advanced PD, NMS have been
recognized as important factors associated with impaired quality of life [23] and impose a
considerable economic burden on patients’ families and society [24].
In contrast to the motor symptoms of PD, NMS are often under-recognized during routine
clinical visits and poorly managed in clinical practice [21,25]. Indeed, they have only recently
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been considered sufficiently important to warrant study by clinicians and researchers. In a
prospective study of 101 PD patients, neurologists failed to identify the presence of depression,
anxiety, and fatigue in over 50% of patients and the presence of sleep disturbance in 40% [26].

4. Clinical features and diagnosis of dysphagia in Parkinson’s disease
Oropharyngeal dysphagia in PD may limit or preclude safe oral feeding, reducing the patient’s
full capacity in society and resulting in social, psychological, and economic problems for the
individual [27].
One of the first reports of parkinsonian dysphagia was in 1817 by James Parkinson, who
described a typical case of PD with weight loss, difficulty in swallowing solids and liquids,
sialorrhea, and reduced tongue movements [21].
In 1983, Longemann proposed the videofluoroscopic swallowing study (VFSS) as a means of
assessing the dynamics of swallowing. Parkinsonian VFSS [27] can show specific impairments,
such as those in the oral pharyngeal and esophageal phases. In the oral phase, these include
orofacial tremor, difficulty forming a cohesive food bolus, prolonged swallowing time, limited
tongue and mandibular excursion during mastication, and the presence of repetitive antero‐
posterior movements of the tongue during bolus propulsion (lingual festination). Pharyngeal
phase impairments include delayed pharyngeal response with consequent stasis in the
valleculae and piriform sinuses, with the risk of laryngeal penetration and aspiration, and
impairment of pharyngeal muscle contraction and cricopharyngeal function [28]. Impairments
in the esophageal phase of swallowing include reduced peristalsis and reduced transit time.
All of these disturbances occur together with the traditional motor symptoms of PD (brady‐
kinesia and rigidity) as a result of degeneration of the autonomic nerve system and voluntary
muscle system [29, 30].
The incidence of swallowing disorders in PD varies from 50% to 100% of patients. Another
characteristic reported in studies of dysphagia in PD is that it may be present without symp‐
toms, making it difficult to identify the condition early and, consequently, to plan a more
efficient therapeutic approach [27].
Interestingly, many patients who do not complain of feeding difficulties report having
eliminated certain types of food that caused them swallowing difficulties, often restricting
themselves to food with a purée consistency. Some patients report weight loss associated with
swallowing disorders.
As a result of swallowing disturbances, parkinsonian patients may present with tracheal
aspiration (entry of material into the airway), which is generally asymptomatic and known as
silent aspiration. Tracheal aspiration related to swallowing is a major cause of morbidity and
mortality in PD, suggesting a reduction in voluntary mechanisms that protect the upper
airways [31].
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5. Management of dysphagia in patients with Parkinson's disease
Treatment of PD has traditionally been pharmacologic and was revolutionized by the discov‐
ery that levodopa is able to penetrate the blood--brain barrier and be converted to dopamine
in the central nervous system. However, the effect of pharmacologic treatment on oral
communication and swallowing is still controversial.
Drug treatment appears to have little effect on speech and swallowing disturbances compared
with the major effect it has on motor symptoms in the trunk and limbs. In a study on voice and
swallowing, when patients were asked about the effects of medication, all reported clear
improvements in general physical symptoms, but only three out of twenty-four patients
reported improvements in oral communication and swallowing symptoms. This suggests that
both dysarthrophonia and dysphagia are related to dysfunction of nondopaminergic neuronal
pathways [27].
Although the subject of much controversy in the past, the value of speech therapy has been
confirmed in several objective studies [29-31]. The effects of speech therapy on voice and
swallowing were analyzed in a study, which showed that there was a 100% improvement in
symptoms after therapy, particularly increased sphincteric action of the larynx [27].
Speech therapy for parkinsonian dysphagia includes exercises to increase mobility of oro‐
pharyngeal and laryngopharyngeal structures involved in mastication and swallowing,
specific techniques to improve formation and propulsion of the bolus, and maneuvers that
increase airway protection during swallowing. In cases of severe dysphagia, speech language
pathologists work with compensatory strategies such as modifications in bolus consistency
and viscosity and postural maneuvers [31].
In 1987, Lorraine Olson Raming and Carolyn Mead developed an effective treatment program
for individuals with PD voice tremor. The technique is known as LSVT (Lee Silverman Voice
Treatment) and was named after the first patient who received the treatment (Lee Silverman).
The basic principle used in this approach involves increasing vocal effort to enable patients to
speak louder. An important study reported significant improvements in swallowing in
patients who received LSVT treatment. Temporal measurements such as oral and pharyngeal
transport time, duration of contact between the base of the tongue and the pharynx and
duration of velopharyngeal closure and laryngeal elevation were taken. There was a 51%
improvement in dysphagia after LSVT [32].
Biofeedback is a technique that uses visual or auditory references and electromyography,
mirrors or other tools to show physiological events to the patient. It is used to enhance learning
by means of exteroceptive systems, which replace inadequate proprioceptive signals, to
improve voluntary motor control, to provide more specific, faster sensory information and to
facilitate motor relearning. Visual information can compensate for sensorimotor loss by
allowing individuals to assimilate lost or altered information and reduce body asymmetry by
reestablishing a central motor program that takes into account position and movement [32,33].
Doppler sonar has been investigated as a method for assessing swallowing [34]. The feasibility
of using this method as an aid to the assessment of swallowing and the benefits it brings have
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been confirmed in recent studies. The use of Doppler sonar to provide biofeedback of swal‐
lowing in PD patients not only helps them understand the swallowing process and how they
can influence it, but also enables them to derive satisfaction from performing an activity over
which they previously seemed to have no control.

6. Conclusion
Oropharyngeal dysphagia is a common symptom in PD and can develop at any time during
the course of the disease. In fact, some authors have suggested that dysphagia may be one of
the initial symptoms of PD.
Treatment of dysphagia in PD requires specialized rehabilitation combining treatment
strategies that maximize social functioning, minimize the swallowing burden on the patient,
and improve mental health [35].
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1. Introduction
The word dystonia comes from the modern Latin dys- and the Greek tonos [1,2]. It is defined as
a state of disordered tonicity, especially of muscle tissue. The word tone itself has musical
connotations. It derives from the thirteeth-century old French ton, of the voice. The Latin word
tonus meant a stretching, quality of sound, tone, or accent and in turn is derived from the Greek
tonos, similarly translated as stretching, tension and raising of the voice and pitch. In modern
usage, the word dystonic is applied to abnormal tension resulting in abnormal postures present
in many disorders [2]. The definition of dystonia was recently revisited. In 2013, an interna‐
tional consensus committee proposed the following revised definition: Dystonia is a movement
disorder characterized by sustained or intermittent muscle contractions causing abnormal, often
repetitive, movements, postures, or both. Dystonic movements are typically patterned, twisting, and
may be tremulous. Dystonia is often initiated or worsened by voluntary action and associated with
overflow muscle activation [3].
The condition affects most voluntary muscles and is known as cervical dystonia (CD) when
the neck muscles are affected. The term spasmodic torticollis was previously used for this
syndrome, but it does not stress the dystonic nature of the disease [4]. Oromandibular dystonia
(OMD) spasms of the masticatory, facial and lingual muscles result in repetitive and sometimes
sustained jaw opening, closure, deviation or any combination of these, as well as abnormal
tongue movements [5].
Various studies have shown that before treatment is started, some focal craniocervical
dystonias such as spasmodic dysphonia and CD can be accompanied by a range of swallowing
difficulties [6-15]. The incidence of dysphagia varies between 22 and 100 % of CD patients and
is usually over 50 %. It increases significantly after botulinum toxin (BoNT) injection [8,11,12].
Dysphagia is suspected in 36 % of patients with CD on the basis of clinical assessment, and
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the incidence increases to 72 % on electrophysiological evaluation of oropharyngeal swallow‐
ing and after selective rhizotomy [8,9]. Similarly, dysphagia in patients with spasmodic
dysphonia has been reported before and after treatment of this condition [13-15]. Because of
the anatomical distribution of the affected muscles, OMD and co-existing oral-buccal-lingual
(OBL) dyskinesias are associated with abnormal perioral, oral and lingual movements that can
interfere with tasks such as chewing, swallowing and speaking, leading to social embarrass‐
ment and even eating disorders and weight loss. Eating dysfunction has been reported in 15.6
% of OMD cases [16]. Pharyngeal OMD often affects the pharyngeal constrictor muscles and
can occur with spasmodic dysphonia. Choking and difficulty in swallowing are common
complaints. After treatment of spasmodic dysphonia, there may be an unexpected improve‐
ment in pharyngeal dystonia. Treatment for pharyngeal constriction muscle dysfunction is
nearly always associated with dysphagia [17].
Although new radiologic changes were observed in 50 % of CD patients following BoNT-A
treatment, clinically only 33 % of the patients reported new dysphagia symptoms. The severity
of the new dysphagia symptoms correlated strongly with the severity of new radiologic
pharyngeal abnormalities [8].
In this chapter the role of dysphagia as a clinical symptom of cranio-cervical dystonia is
discussed and the occurrence of dysphagia as a common adverse effect of treatment for
dystonias is described.

2. Classification of dystonias
If defining dystonia is difficult and controversial, classifying the various forms of dystonias is
a much more complex task, primarily because the term dystonia can mean not only a disease
but also a symptom that can be part of many disorders with a wide range of causes. In an
attempt to clarify the term, three “surnames” for dystonia were proposed: “symptom”,
“movement” and “disorder”. A patient may complain of dystonia if, for example, he has a
twisted neck. The patient has a dystonia symptom (dystoniaSx). On examination, the signs of
dystonia may be confirmed. This patient then has a dystonia movement (dystoniaMov). Finally,
dystonia as a disorder (dystoniaDx) requires a clinicopathologic understanding of the etiology
of the disease, i.e., whether it is genetic, late-onset, post-traumatic, or has other etiologies [18].
These new definitions led to the replacement of the 1998 dystonia classification [3] by a new
one in 2013. The dystonias are now subdivided according to whether they are the result of
pathological changes or structural damage, have acquired causes or are hereditary. If there is
no clearly defined etiology, the dystonia can be classified as idiopathic familial or idiopathic
sporadic [3].
Recent years have seen significant progress being made in our understanding of the genetics
of dystonias as new loci and genes have been identified. For generalized dystonias, the genetic
mechanisms are better understood, while for focal dystonias, the genes and genetic suscepti‐
bility to the disorder are not yet well identified. Hereditary dystonias (dystoniaDx) are clinically
and genetically heterogeneous. The known genetic forms include all monogenic inheritance
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patterns (autosomal recessive, autosomal dominant, and X-linked). Table 1 shows the heredi‐
tary dystonias grouped according to their similarities. They are divided according to their
clinical features (axis I) and etiology (axis II) in line with the new 2013 classification.

3. Phenomenology and clinical features of cranio-cervical dystonias
3.1. Blepharospasm
Blepharospasm (BSP) is a form of focal dystonia characterized clinically by involuntary
periocular spasms resulting in forceful eye closure [20,21,22]. BSP is characterized by tonic,
phasic or combined involuntary tonic-phasic contractions of the orbicularis oculi muscles,
producing repeated and frequent blinking and persistent forceful closure of the eyelids with
various degrees of functional blindness. The characteristic features of BSP include sensory
tricks that patients use to relieve their symptoms (geste antagoniste) and a high frequency of
ocular symptoms starting before or at the onset of the spasm [20,21,22]. BSP may be associated
with inhibition of the levator palpebrae muscle (apraxia of eyelid opening) or involuntary
movements in the lower face or jaw muscles [20,21,22]. Apraxia of eyelid opening may in turn
be associated with other neurological conditions, such as progressive supranuclear palsy and
corticobasal degeneration [21,22].
3.2. Oromandibular dystonia
OMD refers to involuntary spasms of masticatory, lingual, and pharyngeal muscles that result
in jaw closing (JC), jaw opening (JO), jaw deviation (JD), or a combination of these abnormal
movements [22,23]. When OMD is associated with blepharospasm, the combination is referred
to as “cranial dystonia” or, less appropriately, as “Meige’s syndrome” [24]. Because of the
anatomical distribution of the affected muscles, OMD and co-existing OBL dyskinesias are
associated with abnormal perioral, oral and lingual movements that can interfere with
chewing, swallowing and speaking, leading to social embarrassment [25] and even eating
disorders and weight loss [26]. Examination may reveal a variety of antagonistic maneuvers,
or sensory tricks, including touching the lips or chin, chewing gum, or biting on a toothpick
[21]. Even using these sensory tricks, patients often feel socially embarrassed by the spasms,
which give them a disfigured appearance [22].
3.3. Lingual dystonia
Dystonic involvement of the tongue is a well-recognized feature of tardive dystonia as well as
OMD, both primary and secondary, although primary focal lingual dystonia (PFLD) has only
rarely been described. PFLD presents as an action dystonia during speech or in paroxysmal
episodic lingual dystonic spasms [27]. A rare disorder, it can be severe enough to affect speech,
swallowing and breathing. Tardive lingual dystonia secondary to dopamine-receptorblocking drugs may manifest as a relatively isolated problem. Although severe tongue
protrusion, particularly during eating, is characteristic of neuroacanthocytosis, it can also be
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seen in other rare forms of symptomatic dystonias such as pantothenate kinase-associated
neurodegeneration and Lesch–Nyhan syndrome [21].
3.4. Laryngeal dystonia
Laryngeal dystonia (spasmodic dysphonia) is a neurological voice disorder with low preva‐
lence. It is characterized by involuntary adductor (toward the midline) or abductor (away from
the midline) vocal fold spasms during phonation that cause phonatory breaks [20,22]. Some
patients also present with a mixed type of this disorder. Onset of laryngeal dystonia frequently
occurs late in life and presents in mild to severely disabling forms that lead to long-lasting
impaired verbal communication. Adductor spasmodic dysphonia (SD) is undoubtedly the
most common form [22]. Both forms rarely occur in the same individual. Around one-third of
SD sufferers also present with voice tremor, which makes the pitch and loudness of the voice
waver at 5 Hz during vowels and is most apparent when the sound “/a/” (as in “all”) is
produced for at least 5 s [28].
3.5. Cervical dystonia
CD is characterized by involuntary posturing of the head as a result of involuntary spasms,
jerks, or tremors (or a combination of all three) and is often associated with neck pain. Clinical
classification is based on the position of the head and type of movement. The most common
form is rotational torticollis (>50 %). Other relatively frequent forms include laterocollis and
retrocollis, while anterocollis and complex forms of CD (in which there is no predominant
component) are less common. Patients frequently present with a combination of abnormal
patterns, even when it is possible to identify a predominant component [29]. A number of
sensory tricks, including touching the contralateral side of the face as well as ipsilateral to the
direction of head rotation, can produce a temporary improvement in involuntary neck
movements. As with other forms of focal dystonia, the symptoms of CD are exacerbated by
stress and improved by relaxation [20,29].
Clinical category

Designation

Clinical characteristics

Locus

Gene

Inheritance pattern

9q

TOR1-A or DYT1

AD

-

-

AR

8p

THAP1 or DYT6

AD

1p

-

AD

Isolated dystonias
Persistent dystonias
Childhood- or
adolescent-onset

DYT1

dystonias
DYT2
DYT6

Early-onset primary
generalized dystonia
Autosomal recessive
idiopathic dystonia
Mixed dystonia
Early-onset primary

DYT13

segmental craniocervical
dystonia
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Clinical category

Designation

Clinical characteristics

Locus

Gene

Inheritance pattern

20pq

-

AR

18p

-

AD

2q

-

AD

9q

CIZ1

AD

11p

ANO3

AD

18p

GNAL

AD

14q/1p

GCH1 and TH

AD and AR

19q

ATP1A3

AD

2p

PRKRA or DYT16

AR

Xq

TAF1 or DYT3

XR

Idiopathic autosomal
DYT17

recessive primary
dystonia

Adult-onset
dystonias

DYT7

DYT21

DYT23

DYT24

Adult-onset focal
dystonia
Late-onset autosomal
dominant focal dystonia
Adult-onset primary
cervical dystonia
Autosomal dominant
craniocervical dystonia
Late-onset autosomal

DYT25

dominant primary focal
dystonia

Combined dystonias
Persistent dystonias
Dystonias with
parkinsonism
Without any
evidence of

Dopa-responsive
DYT5

degeneration

dystonia
DYT12

DYT16
With evidence of
degeneration
Dystonias with
myoclonus

Dystonias with
chorea

dystonia or Segawa

DYT3

Rapid-onset dystonia
parkinsonism
Adolescent-onset
dystonia parkinsonism
X-linked dystoniaparkinsonism or lubag

DYT11

Myoclonus-dystonia

7q

-

AD

DYT15

Myoclonus-dystonia

18p

SGCE

AD

19p

TUBB4

AD

2q

MR-1

AD

DYT4

Dystonia with
whispering dysphonia

Paroxysmal dystonias
Paroxysmal
dyskinesias

Paroxysmal
DYT8

nonkinesigenic
dyskinesia 1
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Clinical category

Designation

Clinical characteristics

Locus

Gene

Inheritance pattern

2q

-

AD

16pq

PRRT2

AD

16q

-

AD

1p

SLC2A1 or GLUT1

AD

Paroxysmal
DYT20

nonkinesigenic
dyskinesia 2

DYT10

DYT19

DYT18

Paroxysmal kinesigenic
dyskinesia 1
Paroxysmal kinesigenic
dyskinesia 2
Exercise-induced
paroxysmal dyskinesia

*Based on Albanese et al. [3] and Lohmann and Klein [19]
# AD – Autosomal dominant, AR – Autosomal recessive, XR – X-linked recessive
Table 1. The hereditary dystonias *

4. Treatment of craniocervical dystonias with BoNT
While BoNT treatment remains the treatment of preference for most focal dystonias, pharma‐
cological and neurosurgical treatments are also important in the treatment algorithm. Treat‐
ment with BoNT in properly adjusted doses is known to be effective and safe for cranial and
cervical dystonia, but not OMD. In recent years, long-term studies on the efficacy and safety
of BoNT-A have been published, a new BoNT-A formulation has been marketed and new
studies on BoNT-B have been carried out [30]. Systematic reviews and guidelines recommend
that BoNT injections should be offered as a treatment option for CD (for which it has been
proven to be effective) and can be offered for blepharospasm, focal upper extremity dystonia
and adductor laryngeal dystonia (for which it is probably effective) [30,31].
The first study on the use of BoNT for CD was a single-blind study with 12 patients and used
electromyography guidance and a total maximum BoNT-A dose of 200 U (then called Oculi‐
num®) (Smith-Kettlewell Institute, San Francisco, CA, USA). Improvements lasting 4 to 8
weeks were observed in 92 % of the patients, and 25 % reported transient neck weakness [32].
These early results were confirmed by a double-blind, placebo-controlled crossover study of
21 patients using 100 U of BoNT-A which showed an improvement based on investigator
ratings and patient assessment of CD severity [33]. Since then some 80 studies have evaluated
BoNT in CD. Table 2 shows the main results of some studies. Adverse events included
dysphagia and neck weakness [29, 33-38].
While some forms of dystonia are relatively common, such as adult-onset CD, others are less
frequent, and not all clinicians have enough clinical experience to guide their practice [39].
OMD is a type of focal dystonia that affects the lower facial, masticatory, labial and lingual
musculature. When OMD occurs with blepharospasm, the term cranial dystonia is used.
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Meige’s syndrome, a variant of OMD, is a combination of upper and lower facial motor
dysfunction that includes blepharospasm and OMD [40]. Isolated OMD is relatively rare and
represents only 5 % of all dystonias. However, cranial dystonias (OMD, blepharospasm and
Meige’s syndrome) are the second most frequent dystonias (22 %) [40, 41].
Dystonia is not a stereotyped disorder, and in OMD it has a highly variable presentation.
Consequently, treatment must be individualized to accommodate the patients particular
requirements and symptoms. OMD dystonia can be classified into the following types: JC, JO,
JD, lingual, pharyngeal and mixed [41]. BoNT has become the therapy of choice for OMD, and
its use in JO, JC, and JD OMD has been well documented. Although most of the reported
literature on OMD consists of open studies, all these have reported improvement with BoNT.
In general, JO dystonia is more difficult to treat than JC dystonia [41,42].
Dose (U)

Motor

Pain improvement

100

63 %

87 %

50-280

80 %

50 %

Jankovic and Schwartz, 1990

100-300

70.7 %

76.4 %

Greene et al. 1990

30-250

74 %

-

209 (average)

90 %

93 %

190

70 %

-

94.1 %

84.4 %

Tsui et al. 198633
Gelb et al. 1989

34
35

36

Jankovic et al., 1990

37

Kwan et al. 199838
Camargo et al. 200829

100-280
(151.05±52.55)

Table 2. Studies with botulinum toxin A (BOTOX®) for cervical dystonia

5. Diagnosis of dysphagia in dystonias
As it is not easy for patients with CD to notice dysphagia, this condition is very often under‐
diagnosed [6,29].
Oropharyngeal function is usually investigated with the aid of videofluoroscopy. Clinical and
videofluoroscopic evaluations have also indicated a high incidence of swallowing disorders
in patients with CD before any treatment such as BoNT injection or rhizotomy [7-9]. In one
study, swallowing abnormalities during video fluoroscopic examination were observed in
over 50 % of CD patients [7].
In general, videofluoroscopic studies of CD patients show delayed initiation of swallowing
and pharyngeal residue [7,10]. CD patients with these signs appear to have “neurogenic
dysphagia” [7,43]. In contrast, asymmetric pharyngeal transit of large liquid boluses is
consistent with tonic or clonic posturing of the head (and pharynx). Although the postural and
neurogenic signs presumably relate to the same underlying neurologic dysfunction and both

195

196

Seminars in Dysphagia

types might be considered “neurogenic,” the authors of some studies suggest that the postural
signs were sufficiently selective and specific to warrant a separate classification [7]. Therefore,
Riski et al. [7] considered the presence of pharyngeal asymmetry with large boluses to be a
sign of “postural dysphagia.” Of 43 patients, 16 showed only neurologic signs; three showed
only postural signs; and three showed combined postural and neurologic signs. The findings
of Riski et al. suggest that swallowing abnormalities in CD are primarily neurogenic but may
be solely postural or combined neurogenic and postural in nature. In agreement with this
conclusion that CD involves neurogenic dysphagia, similar clinical and electrophysiological
findings were reported in patients with OMD and laryngeal dystonia but not CD and in others
with CD. Therefore, dysphagia can occur without abnormal head or neck movements [6].
Electrophysiological abnormalities in dystonic muscles are frequent and are all compatible
with neurogenic dysphagia [6].
Two-thirds of those who complained of dysphagia showed evidence of swallowing abnor‐
malities, and at least one swallowing abnormality was detected radiographically in half of
those who did not complain. This lack of close agreement between subjective reports and
videofluoroscopic results may reflect several factors. Firstly, videofluoroscopic examination
of swallowing can show dysfunctions; however, as the protocol is standardized, it does not
simulate all factors present during meals in the patient’s home, e.g., the full range of textures
and bolus sizes, the speed of bolus presentation and the presence of external distractions.
Secondly, some patients’ concerns with the discomfort or cosmetic disability associated with
their CD may overshadow the relatively subtle abnormalities in oropharyngeal function.
Thirdly, CD patients may have adapted to changes in swallowing function and therefore be
asymptomatic [7].
Dysphagia and dysarthria (which account for 10.2 % to 37 % and 0.9 % of complaints, respec‐
tively) are the two most common adverse effects of BoNT treatment for OMD [37,42]. Clinical
and videofluoroscopic evaluations have also indicated a high incidence of swallowing
disorders in CD patients before any treatment such as BoNT injection or rhizotomy [7-9]. In a
study by Comella et al., although new radiologic changes occurred in 50 % of CD patients
following BoNT treatment, clinically only 33 % of these patients reported new dysphagia
symptoms. The severity of new dysphagia symptoms correlated highly with the severity of
new radiologic pharyngeal abnormalities. This suggests that rather than being routinely
indicated, videofluoroscopic swallowing evaluations should be reserved mainly for patients
with the severest clinical symptoms as an objective measure to assess the possibility of
aspiration [8].

6. Avoiding dysphagia as an adverse effect of treatment for dystonia
Radiologic findings show that in patients with dysphagia prior to treatment with BoNT-A, the
condition did not worsen following treatment [8].
Careful choice of the correct muscle groups with the aid of electromyography before applica‐
tion of BoNT and the use of low dosages may prevent adverse effects [29]. In a study by
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Jankovic et al. [37], in which higher average doses of BoNT were used without electromyog‐
raphy guidance, 24 % of CD patients experienced adverse effects, and of these 23 % suffered
from dysphagia. In a study by Barbosa et al. [43], who used an average dose of 191 U and did
not use electromyography, slightly under half (47 %) of the patients developed dysphagia.
Other factors may have contributed to the low dysphagia indexes found in most studies. For
example, the use of a larger number of injection points in each muscle and application in only
one sternocleidomastoid (thus reducing diffusion of BoNT-A to the pharynx) can reduce the
incidence of dysphagia [29]. Denervation has been shown to occur within a definable area that
crosses anatomic barriers, including fascia and bone. Nevertheless, clinical and laboratory data
suggest that dysphagia secondary to BoNT therapy is the result of toxin spreading from the
sternocleidomastoid injection site to the pharyngeal musculature. Ensuring the injection dose
in the sternomastoid does not exceed 100 IU leads to a substantially reduced incidence of this
complication [12].

7. Conclusion
Dystonia is an important cause of dysphagia. The main aspects to observe in dystonic patients
are:
1.

Patients do not normally complain of dysphagia. Comprehensive questioning to confirm
this symptom is therefore essential. When indicated, a search for dysphagia in dystonic
patients should be performed with videofluoroscopy.

2.

Optimization of treatment with BoNT (administration of the lowest possible dose, the use
of electromyography and the appropriate choice of muscles) can avoid dysphagia.
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Chapter 12

Dysphagia in Chronic Obstructive Pulmonary Disease
Livia Scelza, Catiuscia S.S. Greco,
Agnaldo J. Lopes and Pedro Lopes de Melo
Additional information is available at the end of the chapter

1. Introduction
Swallowing is an array of synergistic interdependent movements initiated by complex set of
sensory inputs that generate pressures and forces to propel ingested materials through the
upper aerodigestive tract and simultaneously protect the upper airway. As seen in Figure 1,
the oropharynx is common to both the swallowing and respiratory processes. This functional
conflict, therefore, must require fine coordination at the neuronal level to ensure that the
peripheral structures produce the intended target behaviour [1].

Figure 1. Simplified view of the structures related to swallowing and breathing. Note that the oropharynx is common
to both the swallowing and respiratory processes.

Swallowing and breathing are closely related, and synergy of structures is needed for airway
protection during the swallowing process to prevent the aspiration of food contents and thus
prevent pulmonary complications. The swallowing apnea is described as an important
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mechanism of airway protection. This may be altered in patients who have lung diseases such
as chronic obstructive pulmonary disease (COPD) [2, 3]. COPD is a preventable and treatable
disease characterized by progressive limitation of airflow that is usually associated with an
abnormal inflammatory response of the lungs to noxious particles and gases [4, 5]. COPD is a
major public health problem with high and increasing prevalence [4]. According to World
Health Organization (WHO) estimates, 80 million people have moderate to severe COPD [6].
Pulmonary changes can be a detrimental factor to coordination between breathing and
swallowing [2, 3, 7, 8]. Swallowing apnea requires a reorganization of the breathing pattern
when swallowing. This can be limited by the typical respiratory changes observed in patients
with COPD [9].
This chapter discusses the history and current state of our knowledge concerning dysphagia
in chronic obstructive pulmonary disease. We also describe the development of instrumenta‐
tion for the analysis of the swallowing apnea and preliminary results of this analysis in
individuals with COPD. The main topics covered by this review will be as follows:
• First we will provide a brief description of dysphagia and the interaction between swal‐
lowing and breathing in section 2 and 3, respectively;
• In section 4, we describe the principles of the chronic obstructive pulmonary disease;
• Next, we describe the main results presented in the literature concerning the dysphagia in
COPD;
• The development of instrumentation for analysis of swallowing apnea, performed in our
laboratory, is presented in section 5;
• Preliminary results of the changes of swallowing apnea in individuals with COPD are
described in section 6;
• Finally, we conclude by examining the potential role of the routine analysis of swallowing
disorders in COPD in the clinical arena.

2. Dysphagia
Swallowing is a complex sensoriomotor function that depends on the integrity of the mecha‐
noreceptors and chemoreceptors for the sequential stimulation and inhibition of the upper
aerodigestive tract; this coordinated process transports foods and liquids through the mouth
and pharynx to the esophagus [10] and simultaneously protect the upper airway [1].
Biomechanical events that contribute to secure bolus transport and airway protective mecha‐
nisms include: closure of the introitus to the trachea by vocal cord adduction, approximation
of the adducted arytenoids to close the laryngeal aditus, epiglottal descent, antero-superior
displacement of the larynx away from the path of the bolus, and opening of the upper
oesophageal sphincter [11]. During swallowing, the closure of the larynx and the respiratory
pause during swallowing are vital protective mechanisms that prevent aspiration [12]. This
phenomena is describes schematically in Figure 2.
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Figure 2. Simplified description of the usual swallowing pattern in healthy adults. Swallowing initiates during the ex‐
piratory phase of the breathing cycle. Swallowing interrupts exhalation (swallow apnea), and once the swallow has
been completed, breathing resumes with exhalation.

Disordered swallowing, or dysphagia, can develop from lesions in certain areas of the cortex
and brainstem that control the swallowing function, or damage to the associated cranial nerves.
It is a common problem observed in patients with stroke and head injury [13]. Dysphagia
affects at least 12% of patients in acute care hospitals and more than 50% of those in chronic
care settings [14]. The presence of dysphagia is associated with aspiration induced chest
infections and increases the risk of serious respiratory consequences such as pneumonia.
Identification of the patient at risk of aspiration is important from a clinical view point. Due
to the risk of aspiration, a significant number of dysphagic patients are fed with a nasogastric
tube and /or intravenous fluids [13]. Dysphagia can significantly impact a person’s quality of
life as well as their health status [15].

3. Coordination of breathing and swallowing
Recent findings have delineated single neurons within medullary networks that demonstrate
multifunctionality in the control of both the respiratory and swallowing behaviours [16]. The
breathing cycle is not simply repressed during swallowing; it is substituted by a different wellcontrolled behaviour pattern. Variations in the bolus volume and viscosity characteristics will
interfere with the breathing stop time duration [9, 17, 18]. The consistency of these observations
has led to speculation that the precise coordination of breathing and swallowing may be an
important mechanism to prevent aspiration [19]. The effect of bolus volume influences the
swallowed-associated respiratory cycle [9, 20], and this observation notes that these neuro‐
logical interference engrams may contribute to dyspnoea during meals in some patients with
pulmonary disease.
Deglutition apnea is described as an important mechanism of airway protection. It consists of
a respiratory pause that occurs involuntarily during each swallow, when the respiratory
muscles are centrally inhibited and the airway closes. Breathing ceases just before and during
the entire pharyngeal phase of deglutition [3]. The duration of this brief swallow apnea rages
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between 1 and 2 seconds in liquid swallows in most healthy adults, but there is a variability
in the timing depending on the swallow task and bolus viscosity [1, 19, 21, 22].
Deglutition apnea occurs mainly during expiration and is followed by expiration [1, 2, 9,
18-25]. This pattern occurs more often in the presence of a bolus [9, 20]. A different pattern of
this coordination of breathing and swallowing, for example, inspiration after swallowing, may
increase the risk of aspiration and place patients at an airway protective disadvantage [1].
A modification to the stable respiratory-swallow occurs during advanced ageing. In healthy
elderly aged individuals, the duration of deglutition is higher than in young groups [1, 18].
Studies have shown a greater occurrence of liquid swallow initiated and followed by the
inspiratory phase of respiration [22, 26]. These pattern changes have not been associated with
aspiration, however, they may cause implications on airway protection or bolus clearance in
patients with already compromised swallowing function secondary to diseases and other
conditions during old age, head and neck cancer, stroke and chronic obstructive pulmonary
disease [1].

4. Chronic obstructive pulmonary disease
COPD is a preventable and treatable disease characterized by partially reversible airflow
limitation [27, 28]. The limitation is often progressive and is associated with an abnormal
inflammatory response of the lungs to noxious particles or gases, especially cigarette smoke
[27]. COPD increases mortality in worldwide each year, causing socio-economic damage. The
total deaths from COPD are projected to increase by 30% over the next 10 years, unless urgent
measures are taken to reduce the risk factors, particularly tobacco use. Estimates indicate that
by 2030, COPD may become the third leading cause of death [6].
The COPD is characterized by the presence of chronic bronchitis, obstructive bronchiolitis and
emphysema [27, 28]. Chronic bronchitis is inflammation of the airways which deliver air to
the lungs. This can lead to an increase in mucus production and consequent narrowing of the
bronchi (Figure 3). In emphysema, the tissue that surrounds the smaller airways is damaged
and air becomes trapped in the alveoli. These air sacs become overstretched and unable to
function correctly causing shortness of breath. The disease process is directly related to an
inflammatory response of the lungs, triggering the destruction of the lung parenchyma. Such
changes are responsible for airflow limitation and air trapping. [27]. Pathological changes
occur in four different regions of the lung: the larger calibre airway, the peripheral airways,
the lung parenchyma and the pulmonary vasculature [27-29]. In the larger calibre airways,
structural changes occur in the goblet cells and submucosal glands causing mucus hyperse‐
cretion and squamous metaplasia, as shown in Figure 3 [27-29].
In the peripheral airways (<2 mm diameter), we observed thickening of the airway wall,
peribronchial fibrosis, exudate, narrowing of the airways (obstructive bronchiolitis) and
increased inflammatory response. In the lung parenchyma, the structural changes involved
destruction of the alveolar wall, apoptosis of epithelial cells and emphysema [27-29]. The main
characteristic of COPD is airflow obstruction, which is not fully reversible. Spirometry is the
gold standard technique used to assess this obstruction [28, 29].
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Figure 3. On the left, the effect of chronic bronchitis in which the inflammation of the airways can lead to an increase in
mucus production and consequent narrowing of the bronchi. In emphysema (right), the tissue that surrounds the
smaller airways is damaged and air becomes trapped in the alveoli. These air sacs become overstretched and unable to
function correctly causing shortness of breath. (Source: http://www.livingwellwithcopd.com/en/what-is-copd.html).

The coordination between breathing and swallowing can be severely disrupted in patients with
COPD due to their reduced ventilatory capacity. COPD also has the potential to disrupt the
coordination of breathing and swallowing because of tachypnoea, an increased tendency to
swallow during inspiration, reduced duration of apnea and changes in the mechanics of
swallowing. The increase in the elastic and resistive respiratory loads, typical of these pa‐
tients, is associated with a rapid shallow pattern of breathing that may increase the risk of
aspiration [8].

5. Dysphagia in chronic obstructive pulmonary disease
This section focuses on a historically organized review of the main studies presented in the
literature. To date, relatively little research has been conducted concerning dysphagia and
other swallowing disorders in patients with COPD. The first studies begin in the 1980s, and
few studies were conducted until the end of the past millennium. A significant increase was
observed in this research area in the 2000s and 2010s.
5.1. The first studies in the 1980s and 1990s
The paper by Coelho [30] is believed to be the first that specifically deals with dysphagia in
patients with COPD. The author studied 14 patients with a primary diagnosis of COPD. All
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of the subjects but one had tracheostomy tubes, and five were ventilator-dependent. Bedside
evaluation was performed to assess the oral phase of the swallow and videofluoroscopy was
used to examine the pharyngeal phase. Subjects were presented with three consistencies of
materials to swallow: liquid, paste and crackers coated with barium. The author observed that
ten of the 14 patients demonstrated some degree of dysphagia. The COPD patients tired
rapidly and often needed to rest in the midst of chewing foods. Their propensity for fatiguing
rapidly is consistent with their performance on other basic activities of daily living. Consistent
aspiration was noted in three of these patients and was attributed to a delayed swallowing
reflex, decreased pharyngeal peristalsis and cricopharyngeal/oesophageal constriction.
Dysfunctional swallowing with no aspiration was observed in 7 of the 14 COPD patients. These
patients had difficulties with bolus formation and control, delayed swallowing reflexes and
problems with lingual and pharyngeal peristalsis.
In the beginning of the 1990s, Stein et al. [31] performed videofluoroscopy in 25 patients with
COPD and identified cricopharyngeal achalasia in 21 of them. In 17 patients, this was judged
to be severe, and all were found to have some degree of symptomatic dysphagia. Ten patients
had surgical correction and eight had improved pulmonary symptoms. The authors discussed
that cricopharyngeal dysfunction may precede airway obstruction and contribute to subse‐
quent progression and exacerbation of airway abnormalities. Alternatively, cricopharyngeal
dysfunction may be secondary to COPD because it may increase gastroesophageal reflux by
flattening the diaphragm; this reflux leads to cricopharyngeal achalasia, a mechanism that
protects the larynx from aspiration of gastric acid.
Shaker et al. [32] used concurrent respirography and submental surface electromyography to
study the effects of ageing, tachypnea and bolus volume on the coordination of swallowing in
patients with chronic obstructive pulmonary disease. Three groups were studied: 10 young
healthy volunteers aged between 18 and 34 years, 11 healthy elderly volunteers aged between
63 and 83 years and 22 patients with COPD aged between 46 and 77 years. Dry and water
swallows were observed at rest and during exercise (increased respiratory rate). A total of 2,331
analysable swallows were recorded and analysed for: 1) the respiratory phase in which the
swallows occurred; 2) the respiratory phase during which respiration was resumed after
swallowing; 3) and the duration of swallow-induced apnea. The author observed that at rest,
in the young volunteers the majority of deglutitions were coupled with the expiratory phase
of swallowing. The elderly generally initiated swallowing more often in the inspiratory phase
compared with the young. Compared with the basal state, the advanced COPD patients
swallowed significantly more in the inspiratory phase and resumed their respiration signifi‐
cantly more with inspiration. The reasons for this alteration were not determined; however,
the authors noted that derangement in the acid-base balance present in COPD patients may
conceivably influence the central coordination of the deglutitive centres. The results of this
study indicated that tachypnea, ageing, bolus volume and COPD modify the coordination
between deglutition and the phases of continuous respiration.
5.2. Studies performed in the 2000s
One of the first studies published in this decade was performed by Good-Fratturelli et al. [33].
It consisted of a retrospective study that described the swallows of 78 patients with a COPD
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diagnosis who were seen for videofluoroscopy in 3 years and determined the prevalence of
dysphagia in these patients. Patients were given a bolus containing barium in thin and thick
liquid, puree, paste and cookie consistencies. Of these patients, 85% were found to have some
degree of dysphagia. Bilateral vallecular stasis, bilateral pyriform sinus stasis, oral stasis and
delayed pharyngeal swallow response were reported in 60% of the COPD patients. Aspiration
was noticed in 42% and laryngeal penetration in 28% of these patients, which were evidenced
substantially more with thin and thick liquids compared to semi-solid or solid textures. The
authors suggested that the compromised respiratory system, such as the absence of a cough
response, or use of quiet but ineffective coughs, may reflect their lack of respiratory strength
to clear the airway, and consequently, explains the high prevalence of laryngeal penetration,
the inability to expel material from the airway, and aspiration.
Martin-Harris [34] based a study on relevant articles and described the optimal patterns of
care and care consideration in patients with COPD and swallowing disorders. The author
emphasized that it has been historically reported that the laryngeal cartilage in patients with
COPD is often seated more deeply in the neck compared with healthy adults. The lowered
basal position of the larynx results in increased distance that the larynx must ascend to achieve
maximal closure and facilitate pharyngoesophageal segment (PES) opening. Some patients
have oral impairments such as slow bolus preparation and oral bolus transport, and these
situations are consistent with their motor behavior in activities of daily living. The labored
tongue movement and reduction in oropharyngeal sensation may also contribute to delayed
initiation of the pharyngeal swallow. Patients attempting to maintain breathing activity as long
as possible before the obligatory apneic pause, and trying to re-establish respiration quickly,
while eating semisolids and solids, may present channeling of a bolus to the level of the
pyriform sinuses and premature opening of the larynx during the latter stages of swallow. The
habitual and sometimes necessary mouth-breathing characteristics of COPD patients, may
lead to excessive dryness and adherence of thick and dry materials to the oropharyngeal
tissues, with potential post-swallow aspiration.
Oxygen treatments and medications may also confound the problem with xerostomia. The
authors suggested an eating and swallowing guideline to reduce the incidence of penetration/
aspiration: small and frequent meals; appetite enhancement; environmental control; promo‐
tion of relaxation; pacing intake at mealtime; optimizing bolus volume and texture; avoiding
sequential swallowing of large volumes of liquid; two swallows per bolus and reflux precau‐
tions.
Mokhlesi et al. [35] studied 20 patients with COPD and 20 healthy subjects matched for age
and gender. The protocol consisted of swallowing two boluses each of 3 ml and 5 ml of barium
liquid, drinking barium liquid from a cup, and swallowing 3 ml barium paste while performing
videofluoroscopy. Of these patients, 20% reported dysphagia. The data from the study
demonstrate that COPD is associated with abnormal swallowing physiology, including
frequent spontaneous and protective manoeuvres and decreased laryngeal elevation during
swallowing. A shorter duration of cricopharyngeal opening on three or four bolus types was
also observed.
In a later work, Mokhlesi [36] noted that because there is a complex anatomical and functional
relationship between the upper gastrointestinal tract and the respiratory tract, it is important
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to elucidate if this harmonic relationship is disrupted when pulmonary function is compro‐
mised, as found in COPD. The aim of the author’s article was to review the limited data
concerning these important associations and to reinforce the need for additional clinical
research in this area. A precise coordination of swallowing and respiration are necessary to
avoid dysphagia and aspiration. The mechanisms of coordination between swallowing and
airway protective reflexes have precise central and peripheral nervous system integration.
COPD may interfere with the precise and complex coordination between swallowing and
respiration. The aetiology of the exacerbation of COPD is often unclear. On many occasions,
clinicians fail to demonstrate the conditions that are commonly known to cause COPD
exacerbation, such as viral or bacterial infections, pulmonary embolism, pneumothorax or
myocardial ischaemia. Tracheal aspiration has been suggested to be a cause of exacerbation in
some patients with COPD, but there are few data supporting this relationship. In healthy
individuals, swallowing interrupts the expiratory phase of respiration and induces an apneic
pause of approximately 1 second followed by resumption of respiration with expiration. [21]
[19]. However, patients with exacerbations of COPD swallow more often by interrupting the
inspiratory phase and resume respiration significantly more with inspiration [32]. In a study
of patients with severe COPD who experienced frequent exacerbations, cricopharyngeal
dysfunction was diagnosed in 21 or 25 patients (84%). The majority had dysphagia, and eight
patients who underwent cricopharyngeal myotomy had significant improvement in swallow‐
ing and a decrease in respiratory exacerbations [31]. In a retrospective study of 78 outpatient
veterans with COPD referred for a videofluoroscopic swallow examination, the prevalence of
dysphagia was 85%. Silent aspiration and laryngeal penetration were noted in 56% of patients.
Patients with complaints of dysphagia or unexplained frequent exacerbation of COPD may
benefit from detailed swallow evaluations and referral to a speech pathologist. The author
(Mokhlesi, [36]) noted that further research was needed to evaluate the role of protective
swallowing manoeuvres in stable COPD and their potential failure during acute COPD
exacerbation. Additional studies should be performed to determine if occult aspiration is a
cause or contributing factor to exacerbation of COPD and, conversely, whether patients with
exacerbation are at even greater risk of aspiration.
The study by Kobayashi et al. [37] investigated 2 groups: the first was formed by 25 patients
with COPD who had at least one exacerbation during the previous year, and the second group
included 25 patients who were stable. They evaluated the swallow reflex by studying the
latency of response to the onset of the swallowing action. It was injected 1ml of distilled water
into the pharynx through a nasal catheter and the mean latent time of the swallowing reflex
was significantly longer in the exacerbation group than in the stable group. Impairment of the
swallow reflex was significantly associated with an exacerbation of COPD.
Gross et al. [3] elucidated the relationship between breathing and swallowing in patients with
COPD during deglutition. In a prospective study with 25 patients with COPD and 25 healthy
control subjects, swallows were analysed simultaneously by surface electromyographic
measurements, respiratory inductance plethysmograph and nasal cannula. Patients were
given portions of cookies and pudding. The data from that study demonstrated that partici‐
pants with COPD swallowed the cookie (a bolus that requires mastication) during inhalation
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significantly more often than normal subjects, and this pattern may increase the frequency of
prandial aspiration. Post swallow inhalation occurred significantly more often in the COPD
groups with the pudding texture when compared with control subjects. There was no differ‐
ence in the duration of swallow apnea between the groups for either consistency. However,
in the COPD group, the duration of swallow apnea of swallows that occurred during the
inhalation phase was significantly longer for both food types. This prolongation could indicate
the presence of a compensatory mechanism such as more time for recoil forces to generate
higher swallow subglottic pressure or more time for the bolus to traverse the pharynx and
enter the oesophagus.
Gross et al. [38] found that patients with stable moderate to severe COPD tend to swallow
during inspiration and swallowing is often followed by inspiratory activity. Inspiration just
before or just after a swallow increases the risk of inhaling pharyngeal contents. This may be
caused because of the negative intrathoracic pressure. Fluoroscopic imaging of swallowing in
patients with stable severe COPD and hyperinflation has shown reduced laryngeal elevation
and a delayed pharyngeal response. The authors suggested that COPD is a significant risk
factor for aspiration among nursing home residents. Alterations in respiratory rate and rhythm
during exacerbations of COPD have been associated with an increased tendency for an
inspiration-swallow-inspiration sequence when swallowing saliva spontaneously.
Ohta et al. [39] investigated the swallowing function before exacerbation of COPD when it was
at a mild stage by performing the simple two-step swallowing provocation test (STS-SPT) and
the repetitive saliva swallowing test (RSST). Sixty-four patients with COPD were divided into
three groups: mild, moderate and severe. Fifteen healthy subjects were also recruited as a
control group. In moderate to severe stages of COPD, the ratio of abnormal to normal swal‐
lowing patients estimated by the STS-SPT was higher than in the control group. In contrast,
the RSST evaluated the ratio of abnormal to normal swallowing in patients at the mild stage
of COPD as being higher than the control; this was also the case in the moderate and severe
groups. This study suggest that both STS-SPT and the RSST can be used to evaluate swallowing
dysfunction before the exacerbation of COPD occurs. It also suggests that the swallowing
dysfunction in COPD may begin in the mild stage and, therefore, aspiration should be
monitored from the mild stage in COPD patients. The RSST may be valid to evaluate swal‐
lowing at the mild stage.
5.3. Studies performed in the 2010s
Two studies were published in the beginning of this decade. Terada and collaborators [40]
evaluated 67 patients with COPD and 19 age-matched controls, and observed that 23 of 86
subjects showed abnormal responses on the STS-SPT test. This behaviour was more frequent
among subjects with COPD than controls. The swallowing abnormalities were associated with
gastroesophageal reflux disease (GERD) symptoms, the existence of sputum bacteria, and
serum C-reactive protein (CRP) levels in patients with COPD at the baseline and were related
to an increased risk of frequent exacerbations.
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As being part of educational sessions in a Pulmonary Rehabilitation Program, McKinstry et
al. [41] discussed with COPD patients about normal swallowing and breathing, symptoms of
dysphagia, consequences of aspiration and strategies to improve swallowing. Participants
knowledge before and after these sessions was examined by a questionnaire. Of these, 383
patients with COPD underwent basic dysphagia screening and 104 were referred from
screening for individual assessment and management of dysphagia. Participants were also
asked to complete the standardized dysphagia-specific quality-of-life questionnaire (SWALQOL) survey, a dysphagia-specific quality-of-life questionnaire. Statistically significant
improvement was found in participant’s pre and post questionnaire results on knowledge of
dysphagia and COPD. It was found that 27% of participants either exhibited or reported
symptoms of dysphagia. Statistically significant improvement was found on 3 subscales of
SWAL-QOL 3 months following initiation of treatment. The author concludes that dysphagia
management and education of patients in pulmonary rehabilitation programs may contribute
towards early identification and self-management of dysphagia and may enhance swallowingrelated quality of life.
Cvejic et.al [2] studied 16 patients with COPD and 15 healthy control subjects that underwent
videofluoroscopy while swallowing graduated volumes of barium liquid (5, 10 and 20 ml) and
100 ml (continuous cup drinking). Respiratory airflow was assessed using a combination of
intranasal pressure measurement and respiratory inductive plethysmography. Electromyog‐
raphy was used to examine swallow timing. Transcutaneous oximetry was used to monitor
oxygen saturation. After 36 months, respiratory health status was evaluated by telephone
interview. The data of the study demonstrated that scores grading penetration/aspiration were
significantly higher in patients with COPD and occurred almost exclusively during the 100 ml
liquid swallow. Increased respiratory rates at rest were noted in 3/6 subjects in the COPD group
with penetration/aspiration. Transient desaturation was noted after 100 ml liquid swallow in
13 subjects with COPD. The dominant respiratory-swallow pattern associated with smaller
barium volumes was expiration-swallow-expiration. Swallowing of 100 ml elicited a different
response. In COPD subjects, inspiration-swallow-expiration was observed in 60% compared
to 20% of controls. All subjects who experienced penetration/aspiration used this pattern of
breathing. The apnea intervals during 100 ml swallows were not different in COPD and
controls. Predictive factors linked to impaired swallowing were reduced hyoid elevation and
post-swallow pharyngeal residue. All subjects were assessed by telephone interview, and
patients with COPD and penetration/aspiration appeared to have more serious adverse
outcomes. The authors conclude that normal protective mechanisms during swallowing may
be compromised in COPD and that penetration/aspiration may take place when drinking
relatively large volumes of fluid.
Singh et al. [8] noted that lung disease including COPD has the potential to disrupt the
coordination of breathing and swallowing. The authors suggest that it may happen because
of tachypnoea, an increased tendency to swallow during inspiration, a reduced duration of
apnoea and changes in the mechanics of swallowing.
The study of Cvejic et al. [2] provided convincing evidence of aspiration during swallowing
in patients with stable moderate COPD. In this study, patients with COPD favoured an
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inspiration-swallow-expiration pattern with larger boluses. Penetration or aspiration was
associated with tachypnoea, reduced hyoid elevation, post-swallow pharyngeal residue and
a trend towards increased hospitalizations and mortality over 36 months. The Editorial written
by Singh [8] pointed out that these findings are important because aspiration may contribute
to precipitating or aggravating exacerbations, and increase the morbidity in patient with
COPD. Exacerbations of COPD are a major cause of reduced quality of life, reduced activities
of daily living and increased health–care costs hospital admission and readmission, and
morbidity and mortality [8].
Based on the responses from a self-perception questionnaire, Chaves et al. [7] identified
symptoms of dysphagia by comparing 35 patients with COPD and 35 healthy volunteers. There
were significant differences between the two groups, and pharyngeal symptoms, airway
protection, oesophageal symptoms, history of pneumonia and nutritional symptoms were
more common in participants with COPD.
Kobayashi et al. [42] noted that impairment of swallowing and cough reflexes leads to
aspiration of oropharyngeal or gastric secretions and their bacteria, resulting in tracheobron‐
chial inflammation and infection. Thus, impairment of these reflexes presents a potential risk
factor for COPD exacerbations. The authors suggested that angiotensin-converting enzyme
inhibitors can improve the swallowing reflex and protect against aspiration.
Tsuzuki et al. [43] studied sixty-five individuals with COPD during a 1-year follow-up. The
repetitive saliva-swallowing test (RSST) and modified water-swallow test (MWST) were
performed. The RSST counts the number of dry swallows in 30 seconds while sitting; fewer
than three dry swallows was determined to be abnormal. Patients with abnormal RSST results
had a significantly greater prevalence of exacerbations during the 1-year follow-up. Cold water
(3ml) is placed on the floor of the mouth in the MWST. The MWST result was determined to
be abnormal if the individual was unable to swallow, or experiences dyspnea, coughing, or
wet-hoarse dysphonia after swallowing in either of two trials. The MWST results were not
associated with exacerbations in participants with COPD. The small number of participants
with abnormal results suggests that the MWST is not suitable for detecting dysphagia
associated with COPD exacerbations. A cough peak flow (CPF) <270L/min was also associated
with a higher frequency of exacerbations. The CPF results showed that the participants with
dysphagia and a low CPF cannot eject residue in the pharynx or penetrated or aspirated
boluses. The RSST is useful to detect dysphagia associated with exacerbations in individuals
with COPD. The authors recommended that individuals with abnormal RSST results undergo
videofluoroscopy or videoendoscopy to check their swallowing functions.
Clayton et al. [44] noted that relatively little research has been conducted on the prevalence of
dysphagia and other swallowing disorders in patients with COPD until 2012. The authors
suggested that COPD may weaken the strength of swallow and increase the prevalence of
aspiration. The impaired ability to use expired air to clear the larynx and protect the airway,
combined to weakening of swallow, may contribute to an increased risk for aspiration of
pharyngeal contents and aspiration pneumonia. The authors suggested that one hypothesis is
that a laryngopharyngeal sensory deficit exists. Thus, the primary goals of this study were to
identify the prevalence of laryngopharyngeal sensory impairment as determined by the

211

212

Seminars in Dysphagia

laryngeal adductor reflex (LAR) threshold in patients with proven COPD and to characterize
the relationship between laryngopharyngeal sensory impairment and the severity of COPD.
The laryngopharyngeal sensory discrimination test (LPSDT) was performed. The study
included 20 COPD patients and a control group with 11 volunteers. The study revealed that
patients with COPD have a significantly worse level of laryngopharyngeal sensory impair‐
ment as defined by the LAR threshold. No relationship was identified between the severity of
laryngopharyngeal sensory impairment and the severity of COPD (as defined by the FEV1
testing). The diagnosis of COPD was strongly related to laryngopharyngeal sensory impair‐
ment, but the severity of COPD did not correlate with deterioration in laryngopharyngeal
sensitivity. The presence of COPD itself is enough to predict impairment of laryngopharyngeal
sensitivity.
In a recent study, Terzi et al. [45] evaluated fifteen consecutive chronic obstructive pulmonary
disease patients with exacerbations requiring ICU admission and non-invasive ventilation
(NIV). The objectives of this study were to evaluate swallowing during NIV in COPD patients
with acute respiratory failure and, if appropriate and based on the results, to develop and
evaluate a simple alteration in the ventilator design to eliminate ventilator insufflations during
swallowing. Swallowing and breathing interactions were investigated noninvasively by chin
electromyography, cervical piezoelectric sensor, and inductive respiratory plethysmography.
Two water volumes (5 and 10 ml) were tested in random order. The results indicated that
swallowing during NIV is feasible in patients with COPD experiencing acute exacerbations,
swallowing efficiency and the breathing-swallowing pattern improve with NIV compared
with spontaneous breathing and dyspnea decreases during swallowing when using NIV.
The work recently published by Chaves et al. [46] emphasizes that previous studies have
indicated consistent aspiration in COPD patients. It is believed that this phenomenon was
mainly related to delayed swallowing reflex and problems with lingual and pharyngeal
peristalsis as a result of bilateral weakness and incoordination of the related muscles. When
combined with an impaired ability to use expired air to clear the larynx and protect the airway,
a weak swallow may contribute to an increased risk for aspiration of pharyngeal contents and
may consequently lead to aspiration pneumonia. This work discuss that although the cause of
impaired laryngopharyngeal sensitivity remains unclear, a few hypotheses have been intro‐
duced: (1) the use of inhaled corticosteroids and anticholinergics may have an effect on the
sensory mucosa of the laryngopharynx; (2) laryngeal edema caused by smoking and the
presence of chronic cough commonly reported in COPD patients may contribute to reduced
sensation. The purpose of the study by Chaves et al. [46] was to evaluate swallowing transit
times and valleculae residue characteristics of stable COPD patients who have no swallowing
complaints. The population included 20 patients with COPD and 20 healthy controls. Swallows
were assessed through videofluoroscopy. The protocol included swallows of 3, 5 and 10 ml of
liquid consistency; swallows of 7 ml of paste consistency, and swallows of a solid biscuit. The
data of the study indicated that stable COPD patients and healthy controls did not present any
signs of penetration-aspiration for any tested consistency. Patients with COPD presented
longer pharyngeal transit time (PTT) during the ingestion of 10 ml of the liquid consistency
and during the ingestion of the paste consistency. In cases of exacerbation, patients are more
likely to have difficulties in prolonging swallowing events, so this manoeuvre might be
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difficult to execute. Regarding the duration of the tongue base contact (TBC) with the posterior
pharyngeal wall, COPD patients also presented longer durations for liquid and paste consis‐
tencies. The authors concluded that the risk for aspiration in the COPD population is not
limited to the presence of valleculae residue, and this cannot be seen as an isolated factor in
an attempt to explain swallowing alterations in this population. Stable COPD may present
physiological adaptations as a protective swallowing manoeuvre to avoid aspiration/penetra‐
tion of pharyngeal contents.
Table 1 summarizes the studies conducted on the prevalence of dysphagia and other swal‐
lowing disorders in patients with COPD to date.
Reference Subjects

Reference test

Oral impairment

Pharyngeal

Presence of

Coordination of

impairment

aspiration

breathing and
swallowing
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14 COPD
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Difficulties with Delayed swallowing
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patients

and bedside

bolus formation reflex, decreased

evaluation

and control

pharyngeal peristalsis

3 of 14

Not tested

patients
(21%)

and cricopharyngeal
and esophageal
constriction
Stein et al. 25 COPD
(1990)

Videofluoroscopy
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patients

Cricopharyngeal

Not tested

Not tested

achalasia

with
cricopharyn
geal
dysfunction
Shaker et

21 healthy

al. (1992)

subjects and and respirography

Electromyography
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Swallowing
occurred during

22 COPD

inspiration in
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exacerbation of
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Good-
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Fraturelli
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Oral stasis

Bilateral vallecular

42% of

and pyriform sinus
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et al.

stasis, delayed
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pharyngeal swallow
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response.
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Reference Subjects

Reference test

Oral impairment

Pharyngeal

Presence of

Coordination of

impairment

aspiration

breathing and
swallowing

solid
textures.
Martin-

Review of

Review of literature Altered

Delayed laryngeal

Post-
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literature,

and care guidelines oropharyngeal
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swallow

et al.(2000) no subjects

based on clinical

sensation, slow

laryngeal ascent and

were tested

deductions from

lingual motility, descent, premature
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experience in the

slow and

laryngeal opening,

with thick

evaluation and

effortful

pharyngeal residue,

treatment of patient chewing and

channeling of food to

with COPD and

bolus

pyriform sinuses

dysphagia

preparation,

Not described

aspiration

and dry
materials

oropharyngeal
xerostomia
Mokhlesi
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Videofluoroscopy

et al.(2002) patients and

Reduced tongue Frequent spontaneous
control, reduced and protective
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antero-posterior maneuvers, delayed

subjects

tongue

pharyngeal swallow,

movement,

decreased laryngeal

Not
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reduced tongue cricopharyngeal
strength, and

opening

reduced tongue
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Kobayashi 25 stable

Injection of 1 ml

et al.(2007) COPD

distilled water into

swallowing reflex was

pharynx

longer in exacerbation
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and 25 that

Mean latent time of
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group of COPD

had one
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Gross et

25 COPD

al. (2009)

patients and nasal cannula and

Electromyography, Not tested

during inhalation,

25 control

respiratory

and post swallow

subjects

inductance
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plethysmography
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Not tested

Swallowing

observed more
often in COPD
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Reference Subjects

Reference test

Oral impairment

Pharyngeal

Presence of

Coordination of

impairment

aspiration

breathing and
swallowing
than in normal
subjects

Ohta

64 COPD

(2009)

patients

STS-SPT and RSST
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Impairment of

Not tested
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4 of 16

Inspiration-
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swallow-

triggering of the
swallowing response
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Terada et
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Simple Two-Step
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19 healthy

Provocation Test

swallowing response
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(STS-SPT)
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COPD than in normal
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McKinstry 55 COPD

Dysphagia

et al.

screening and Swal-
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Reduced hyoid

QOL

Cvejic et
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al. (2011)
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15 control

and respiratory
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5%) in expiration pattern
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100ml
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liquid
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barium
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Kobayashi 25 stable
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Swallowing
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Angiotensinconverting
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Reference Subjects

Reference test
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Pharyngeal

Presence of

Coordination of

impairment

aspiration

breathing and
swallowing

participants with
COPD
Tsuzuki et 65 COPD

Repetitive Saliva

al. (2012)

Swallowing Test
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(RSST) and

and dyspnea,

Modified Water-

coughing or wet-

Swallow Test

hoarse dysphonia

(MWST)

after swallowing in

patients
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Reduced number of
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COPD patients have a Not tested
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Clayton et 20 COPD
al. (2012)

Laryngeal sensory
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patients and discrimination test

worse level of

11 healthy

laryngopharyngeal
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Terzi et al. 15 COPD

Electromyography

(2014)

and respiratory

patients
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Not tested

Swallowing
efficiency and the
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breathing-

plethysmography

swallowing

during noninvasive

pattern improve

ventilation

with NIV
compared with
spontaneous
breathing

Chaves et 20 COPD
al. (2014)

Videofluoroscopy

Longer duration Longer pharyngeal

patients and

of the tongue

20 healthy

base contact

controls

with the

transit time

Not

Not tested

observed

posterior
pharyngeal wall
Table 1. Summary of the studies that evaluated the prevalence of dysphagia and other swallowing disorders on
patients with COPD.

6. Development of instrumentation for the analysis of the coordination
between respiration and swallowing in COPD patients
This section briefly describes the development of a configurable system that may be used for
ambulatory and/or home analysis of swallowing using telemedicine and internet data
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exchange developed in our laboratory [24]. The general architecture of the instrument is
described in Figure 4.

Figure 4. Simplified block diagram of the configurable instrument for the analysis of swallowing disorders.

The instrument allows an unobtrusive monitoring of respiration during feeding using a nasal
airflow measurement system based on a nasal cannula attached to a sensitive pressure
transducer (176PC; Honeywell Inc., New York, U.S.A.) through a long and flexible connection
tube (100 cm length, 4 mm, i.d.). Intranasal air pressure recordings yield minimally intrusive
and accurate information about the direction of airflow in real time.
Also included in the basic instrument is a system used to monitor the elevation of the larynx.
This movement prevents the entering of the material in the tracheal airway and gives rise to
a characteristic vibration pattern that can be used to detect the pharyngeal phase of the
swallowing mechanism [47]. This mechanical vibration was measured using an electret
microphone (CZN-15E; Ningbo Yuelong Electronics Co., Zhejiang, China) which was placed
on the throat at the level of the thyroid cartilage by an apparatus similar to a collar.
The angle of the glass used to drive water was used to non-invasively monitor the beginning
of water entering the mouth of the volunteer. To this end, inclinometry data have been obtained
from a dual axis accelerometer (ADXL213, Analog Devices Inc., Norwood, MA, U.S.A.). The
resulting analogue output value is then used in conjunction with a lookup table to determine
the corresponding glass angle relative to the line of gravity.
The module dedicated to telemonitoring applications is battery operated. This subsystem
also includes a Palmtop iPAQ HP hx2490 with 520 MHz, 64 Mb of RAM and 192 Mb of
ROM, with operational system Microsoft® Windows Mobile® 5.0. For ambulatory applica‐
tion, a data acquisition system was developed using an 18F4550 microcontroller (Micro‐
chip, Arizona, USA).
Regardless of the method used for data acquisition (ambulatory or telemonitoring), the final
analysis of the airflow, mechanical vibration and glass angle signals is performed by a
dedicated software (Figure 5). It allows the user to automatically calculate the time in the course
of the swallowing apnea (s) and the phase in which the swallowing apnea started and stopped
in the respiratory cycle (inspiration or expiration).
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Regardless of the method used for data acquisition (ambulatory or telemonitoring), the final
analysis of the airflow, mechanical vibration and glass angle signals is performed by a
dedicated software (Figure 5). It allows the user to automatically calculate the time in the
course of the swallowing apnea (s) and the phase in which the swallowing apnea started
and stopped in the respiratory cycle (inspiration or expiration).

Figure 5. Front panel of the program used to automatically calculate the time in the course of the swallowing apnea (s)

Figure
5: Front panel of the program used to automatically calculate the time in the course
and the phase in which the swallowing apnea started and stopped in the respiratory cycle (inspiration or expiration).
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to enter the mouth of the volunteer, the swallowing apnea begins. The absence of airflow,
which can be observed in the end of the inspiration cycle, demarks the beginning of the
deglutition process (near 4.8 s). After the beginning of this event, Figure 6A shows the presence
of the mechanical vibration signal indicating the action of protective mechanisms including
the movement of the larynx-hyoid complex. Note a small delay between water entering the
mouth (glass angle = 900) and the movement of the larynx-hyoid complex. After a period of
approximately 1.5 s, the apnea reaches its end, and an expiration phase is initiated. Meanwhile,
the returning of the glass to the initial position is described by a correspondent gradual
reduction of the associated signal to zero.
A representative recording in a patient with dysphagia is shown in Figure 3B. Water entering
the mouth of the patient (near 11 s) is accompanied by a first swallowing mark (larynx vibration
signal) which lasted approximately 4 s. The corresponding apnea period also lasted approxi‐
mately 4 s. Note that these periods were higher than that presented by the normal volunteer.
An important characteristic of this patient is the constant presence of coughing during liquid
swallowing. This is related to a clinical history of three cerebral vascular accidents (CVA). This
behaviour is in conformity with the hypothesis of an adaptation mechanism in which the
patient increases swallowing times to protect itself from aspiration. While similar to the normal
subject, the apnea was followed by expiration and a transitory hyperventilation. Figure 3B also
shows a second swallowing mark and a second apnea event (≅22s), which was preceded by
an expiratory event. This occurs because the patient was not able to swallow all of the 20 mL
of water in the first swallowing, therefore, a second swallowing event was necessary. The
detailed description presented in Figure 3B confirms the potential of the proposed instrument
in the analysis of abnormal swallowing events.

7. Preliminary results of the analysis of swallowing apnea in individuals
with chronic obstructive pulmonary disease
This section presents new results concerning the evaluation of swallowing apnea in patients
with COPD. This analysis was performed using the instrument described in the previous
section. The primary hypothesis is that swallowing apnea in COPD patients is altered during
liquid swallowing compared with age-matched healthy subjects.
7.1. Patients and methods
The study included a control group formed by eleven healthy subjects and twelve outpatients
with COPD. The volunteers initially were analysed using spirometry and plethysmography
[48]. This study was approved by the Ethics Committee of the State University of Rio de Janeiro.
Informed consent was obtained from all volunteers before inclusion in the study.
The variables studied were: forced expiratory volume in the first second (FEV1), forced vital
capacity (FVC), the ratio of forced expiratory volume to forced vital capacity (FEV1 / FVC),
forced expiratory flow between 25 and 75% of the FVC curve (FEF 25-75%), total lung capacity
(TLC), functional residual capacity (FRC), residual volume (RV) and the ratio of residual

219

220

Seminars in Dysphagia

volume and total lung capacity (RV / TLC). The exams were performed by swallowing saliva
and water at volumes of 5, 10 and 20 mL. Patients were instructed to swallow each volume
three times. Twelve swallows of each patient were studied (276 total swallows).
7.2. Results
Table 2 shows the biometric, spirometric and plethysmographic characteristics of these
volunteers. Volunteers in the two groups were comparable considering age, weight and height,
showing no statistically significant differences. In general, the pulmonary function parameters
were highest in normal subjects and lower in patients.

Age (years)
Weight (kg)
Height (cm)
IMC (kg/m2)
FEV1 (%)
FVC (%)
FEV1/CVF
FEF25-75(%)
TLC (%)
FRC (%)
RV (%)
RV/TLC

Control

COPD

n=11

n=12

69.8 ± 6.8
69.98 ± 10.3
160.8 ± 9.9
24.7 ± 5.5
106.8 ± 12.7
103.9 ± 13.0
81.2 ± 4.00
117.0 ± 24.5
100.7 ± 6.5
86.3 ± 14.1
98.9 ± 14.1
39.9 ± 6.40

71.3± 6.1
61.4 ± 17.4
156.9 ± 9.0
27.0 ± 2.8
69.9 ± 29.7
95.0 ± 24.1
56.1 ± 16.1
34.3 ± 24.9
114.0 ± 9.4
112.7 ± 2.2
148.5 ± 38.6
52.9 ± 10.8

p-value
ns
ns
ns
ns
0.001
ns
<0.0001
<0.0001
<0.0001
0.003
<0.0001
0.0003

Table 2. Biometric and pulmonary function characteristics of the investigated subjects. Ns: non-significant.

Figure 7 shows that, in contrast with the control subjects (p=ns), the increase of the offered
volume resulted in a longer duration of swallowing apnea in patients with COPD (p<0.05).

Figure 7. Time interval of swallowing apnea in healthy subjects and patients with COPD for different volumes of wa‐
ter. * p < 0.02; ** p < 0.002 in comparison with the control group.
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Figure 7: Time interval of swallowing apnea in healthy subjects and patients with COPD for
different volumes of water. * p < 0.02; ** p < 0.002 in comparison with the control group.
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7.3. Discussion
Leslie et al. [49] suggested that the apnea time significantly increases with volume in normal
elderly subjects. In contrast, Esteves and colleagues [24] found no increase in apnea time and
swallowing with volume in normal young subjects. In the results described in Figure 7, the
increase in volume did not result in increased swallowing apnea time in elderly individuals.
Note that, in the volume of 5 ml, individuals of the control group had significantly longer
apnea times than that observed in the swallowing of saliva, 10 and 20 mL of water (p<0.02).
This result may be related to the relatively small number of individuals analysed.
In contrast with that observed in normal volunteers, the presence of COPD resulted in
increased apnea time with the bolus volume (Figure 7). We can also observe that patients with
COPD had apnea times significantly higher during conditions of higher volume (10 mL and
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20 mL). These findings disagree with those described in the study by Gross [38], which
observed no difference in apnea time between the COPD and control group. These authors
note, however, that in the swallows of COPD patients in which apnea occurred in inspiration
time, the apnea interval was longer. Physiologically, the presence of longer periods of apnea
in COPD could indicate a compensatory mechanism for airway protection against aspiration
of food residuals.
The control group presented an increased number of swallows in the standard-expiration
apnea-expiration (EE) pattern in all studied volumes (Figure 8). This is in close agreement with
previous studies [9, 20, 22, 50]. This finding supports the theory that swallowing during the
expiratory phase represents less risk of aspiration and therefore may be considered a protective
mechanism of the airways. Swallowing during the inspiratory phase may facilitate the entry
of food and saliva into the airways during and after swallowing [22]. Other patterns were also
observed in this group. In order of increasing frequency: inspiration-apnea-expiration (IE),
expiration-apnea-inspiration (EI), and inspiration-apnea-inspiration (II). This result is consis‐
tent with that reported by Martin-Harris [22]. The pattern II presented the smallest frequency
in all volumes, which agrees with previous results [9, 20, 22].
COPD patients more frequently showed the EE and EI patterns (Figure 8). Similar findings
were reported in the study conducted by Cjevic [2]. The pattern II occurred less frequently
compared with other patterns. Comparing the swallowing of COPD patients with control
subjects, it can be observed that the pattern EI (Figure 8C) occurs more frequently in COPD
patients compared to control subjects. This phenomenon was observed in all studied volumes.
Considering the pattern II (Figure 8D), we observe that this also occurs more frequently in
COPD, particularly in exams using 20 mL. In agreement with the present work, the study by
Gross [38] describes that patients with COPD had pre and post inspiration swallowing apnea
more often than the control subjects. These results are consistent with the observation that the
inspiration after swallowing facilitates aspiration of food and saliva.

8. Conclusions
This chapter initially provided a brief overview of dysphagia, coordination of breathing and
swallowing, and COPD. This was followed by a historical review that described the research
through the decades on swallowing in COPD. In addition to these previous studies, new results
were presented. This analysis provides evidence that (1) the apnea interval increases with the
swallowed volume in COPD; (2) COPD patients had higher swallowing apnea time compared
to controls in larger volumes; (3) the occurrence of inspiratory patterns after swallowing
increases in COPD, which may facilitate the occurrence of aspiration in these patients, and (4)
the prototype that was described in section 6 is suitable for clinical studies.
Routine clinical evaluation of swallowing disorders in COPD has yet to gain full acceptance,
but the evidence of the importance of these analyses is growing fast. The results of the present
study, together with the results described in the historical review, provide additional evidence
that patients with COPD might present modifications in deglutition and a specialized evalu‐
ation is necessary for safe deglutition, especially in case of acute exacerbation.
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Chapter 13

Histopathological Change of Esophagus Related to
Dysphagia in Mixed Connective Tissue Disease
Akihisa Kamataki, Miwa Uzuki and Takashi Sawai
Additional information is available at the end of the chapter
http://dx.doi.org/10.5772/60509

1. Introduction
Dysphagia is one of the symptoms in patients with connective tissue diseases (CTDs),
although it is not directly fatal and is a frequent complication. The frequency of esopha‐
geal dysmotility is 46-92%, 30-88%, 21-72%, and 50% in patients with systemic sclerosis
(SSc), mixed connective tissue disease (MCTD), systemic lupus erythematosis (SLE), and
polymyositis/dermatomyositis (PM/DM), respectively [1-8]. While the cause of esophageal
dysfunction in patients with CTDs has been unclear, there are some reports that suggest
the accumulation of extracellular matrix, neuropathy, and autoantibody as the cause of
esophageal dysfunction in patients with SSc [9-11]. On the other hand, there are few reports
relating to the cause of esophageal dysfunction in MCTD patients, despite its frequency.
Therefore, we examined the histopathological characteristics of esophageal lesions in MCTD
patients using 27 autopsy cases in Japan [12].

2. Histopathological analysis of esophagus in MCTD patients
2.1. Comparison between changes in the upper, middle, and lower portion of the esophagus.
To date, there have been studies demonstrating a high frequency of esophageal symptoms in
patients with MCTD [1-7,13] (Table 1). In our study, evidence of histological changes was found
in 25 of the 27 cases examined (91%). The differences may be due to differences in the method
of measurement. Esophageal dysmotility in MCTD patients is sometimes associated with the
dilatation of the distal esophagus (Figure 1). The main sites of esophageal change were
generally different between CTDs [8]. In patients with SSc and MCTD, the lower portion of
the esophagus changes histologically. Therefore, we examined 3 different regions of the

230

Seminars in Dysphagia

esophagus, which we defined as follows: 1) upper, at the height of the ring around the cartilage
of the trachea; 2) middle, at the height of the bifurcation of the trachea; and 3) lower, just above
the esophago-cardiac junction. We compared histological changes for each portion. Of 12 cases
examined, 9 showed slight to severe changes in the lower portion, 3 showed slight to severe
changes in the middle portion, and none showed histopathological changes in the upper
portion. According to these results, the lower portion was involved in many cases of MCTD.

Figure 1. X-ray photograph of esophagus in MCTD patients.

Symptoms and dysmotility

Actual number (Frequency)

Reference

Abnormal esophageal motility

8/17 (47.1%)

Bennett (1980) [1]

Esophageal symptoms

11/17 (64.7 %)

Gutierrez (1982) [2]

• Heartburn

10/17 (58.8%)

• Regurgitation

6/17 (35.3%)

• Dysphagia

1/17 (5.9%)

Abnormal esophageal motility

14/17 (82.4%)

Esophageal symptoms

Dantas (1985) [3]

• Dysphagia

6/12 (50%)

Abnormal esophageal motility

6/12 (50%)

Esophageal symptoms

Marshall (1990) [4]

• Heartburn or regurgitation

29/61 (47.5%)

• Dysphagia

23/61 (37.7%)

Abnormal esophageal motility

21/35 (60.0%)

Esophageal symptoms

14/21 (66.6%)

• Heartburn

5/21 (23.8%)

Doria (1991) [5]
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Symptoms and dysmotility

Actual number (Frequency)

• Regurgitation

5/21 (23.8%)

• Dysphagia

4/21(19.0%)

Abnormal esophageal motility

15/21 (71.4%)

Abnormal esophageal motility

15/17 (88.2%)

Lapadula (1994) [6]

Abnormal esophageal motility

10/18 (55.6%)

Rayes (2002) [7]

Esophageal symptoms

Calerio (2006) [15]

• Heartburn

9/24 (37.5%)

• Dysphagia

18/24 (75%)

Abnormal esophageal motility
(cine-esophogram)

Reference

23/24 (95.8%)

Table 1. The frequency of esophageal involvement in patients with mixed connective tissue disease.

2.2. Comparison between changes in the inner circular muscular layer and outer
longitudinal muscular layer of the esophagus
As regards histological changes in the muscular layers, the inner circular muscular layer (IM)
exhibited more severe changes than the outer longitudinal muscular layer (OM) in 17 of 27
cases (63%). Eight cases (30%) showed similar changes. Two cases (7%) showed no pathological
changes in either IM or OM, and no cases (0%) showed more severe involvement of OM than
IM. Muscular dynamisms of IM and OM in esophageal motility are different. The IM is fairly
active and subject to greater stress than the OM [14]. Furthermore, esophageal regurgitation
often occurs and exerts direct effects on the IM, particularly in the lower esophagus. Thus the
IM in the lower portion may carry a larger physical stress than the OM. Therefore, more severe
histological changes may occur in the IM of the lower portion than in the OM.
2.3. Cellular and tissue change
In our study, the most striking change of the esophagus in MCTD was severe atrophy and
occasional disappearance of muscular fibers followed by fibrosis in muscular layer (Figure 2).
In contrast to smooth muscle, however, striated muscle of the upper esophageal portion
exhibited no marked changes. Similar histopathological changes occur in SSc [15,16]. In SSc
patients, histological features are also characterized by degeneration and disappearance of
smooth muscle cells with fibrosis, especially in the IM of the lower portion [17]. In our study,
ganglionic cells had not decreased in number and were not particularly atrophic except in
severely fibrotic areas. Vascular changes were also not overly severe in non-fibrotic regions,
although slight intimal thickening of small vessels was sporadically found in the fibrotic area.
The vein wall was injured and smooth muscle cell disruption and inflammatory cell invasion
were observed (Figure 3).
2.4. Pathogenesis of esophageal lesions
The factors that seem to be associated with esophageal dysfunction have been reported in some
studies, and include extracellular matrix degradation, disorder of blood circulation, and
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Figure 2. Esophageal muscle degeneration and fibrosis in MCTD patients.

Figure 3. Vascular changes in the esophagus of MCTD patients.

autoantibodies [10,18-20]. Our hypothesis was that autoantibodies are associated with the
pathogenesis of esophageal lesions. In immunohistochemical studies, anti-human IgG and
anti-C3 antibodies reacted positively with muscle tissues showing a myolytic appearance
accompanied by edema and inflammatory cell infiltration in MCTD autopsy case (Figures 4).
No IgM deposition was found (Figure 4). The reactivity of IgG extracted from sera of MCTD
patients against normal esophageal tissues was then assessed. Esophageal tissues used here
were non-cancerous parts taken intraoperatively from esophageal cancer patients without
specific immunological disorder. The IgG reacted with smooth muscle cells in the muscularis
mucosa, muscular layer and venous wall, the ganglion cells in Auerbach’s plexus, and
squamous epithelium of the esophagus (Figure 5), but did not react with striated muscle in
upper portion (Figure 5 A,B). IgG from MCTD patients also reacted with primary-cultured
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smooth muscle cells prepared from surgical specimens of esophagus (unpublished data)
(Figure 6). These results suggested that antibodies in the serum of patients with MCTD attack
smooth muscle tissues as well as other tissues of the esophagus.

Figure 4. Immunoglobulin and complement deposition in the muscular layer of the esophagus from MCTD patients.
Deposition of IgG (A), IgM (B), and complement C3 (C).

Figure 5. Reaction of IgG from MCTD patients with smooth muscles and other cells composing the esophagus. (A)
Esophageal smooth muscle tissue, (B) Higher magnification of esophageal smooth muscle tissue, (C) Medial smooth
muscle of the venous wall, (D) Ganglionic cell in Auerbach’s plexus, (E) Squamous epithelium of esophagus
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Figure 6. Reaction of IgG from MCTD patients with primary-cultured smooth muscle cells from esophagus.

3. Discussion
Histopathological features of the esophagus in SSc and MCTD patients are similar, but
muscular change in SSc is more progressive than in MCTD patients in our study. It has been
suggested that there is no association between manometric abnormality and cutaneous
symptoms in MCTD patients, and the characteristics of SSc are not always linked to esophageal
dysfunction [5]. The pathological mechanism of esophageal dysfunction in MCTD may be
similar but not always identical to that in SSc.
In patients with CTDs, autoimmune inflammation occurs in systemic organs such as kidney,
lung, skin and blood vessels, and so on. The gastrointestinal tract is also involved though the
histological features and grades are different from disease to disease even in the same CTD.
In CTDs, many kinds of autoantibodies may play an important role in causing the various
symptoms and diseases, whether they are fatal or not. These differ from disease to disease and
from tissue to tissue. We showed that IgG from MCTD patients reacts to various tissues such
as kidney and lung (unpublished data) (Figure 7). It is well known that pulmonary hyperten‐
sion is the fatal cause of MCTD. Anti-endothelial cell antibody (AECA) was identified in the
serum of MCTD patients, and was especially high in patients with pulmonary hypertension
[21]. We now examine the antigen of AECA in endothelial cells of small pulmonary vascular
vessels [22]. As for the autoantibody of MCTD against esophagus, our study revealed that IgG
extracted from MCTD patients showed a positive immunohistochemical reaction not only for
the smooth muscle cells of esophagus, but also for the ganglion cells in Auerbach’s plexus, the
vascular walls in esophageal muscular tissues, and squamous epithelium of the esophagus.
Dysphagia in MCTD and SSc patients may be one of the symptoms often occurring as an
autoimmune reaction.
The reason why the inner layer of the lower portion incurs more severe damage than other
portions has not been clarified. Esophageal manometry shows that this portion sustains more
intense mechanical stress in peristalsis than the outer layer or upper portions. Thus autoanti‐
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bodies, mechanical stress and regurgitation may induce the severe dysphagia in MCTD and
other CTDs.
Motility dysfunction is not a direct cause of death, but a strong association between esophageal
dysmotility and interstitial lung disease in patients with MCTD is indicated [23]. Therefore,
care must be taken with diagnosis.

Figure 7. Reaction of IgG from MCTD patients with various tissues. (A) kidney, (B) lung
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