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Part I Foundations of Swallowing







1 Applied Anatomy and Physiology
of the Normal Swallow

JONATHAN CICHERO

The ability to swallow safely is paramount in the care and management of the
dysphagic patient. To help the patient achieve this the clinician must first understand
how a normal swallow occurs. This chapter looks at the important features involved
in controlling the passage of a bolus, and their intricate integration.

THE ANATOMY OF DEGLUTITION

To develop a clear mental picture of the internal representation of the oropharynx
and how it works we are going to adopt a ‘first person’ perspective of a bolus (for
example a biscuit or cookie) on its journey towards the oesophagus. Once a firm
mental picture is achieved we can take a closer look at how the structures we pass
are innervated and coordinated.

Looking posteriorly upon entering the oral cavity, the bolus is thrust sideways into
the teeth by the movement of the tongue (Figure 1.1; arrow 3) and cheeks. It is being
prepared to a consistency that the brain, using feedback loops based on previous expe-
rience, is happy to swallow. During this stage there is no access for us (as the bolus) to
the pharynx because the soft palate (Figure 1.1; arrow 2) has been drawn down towards
an elevated posterior portion of the tongue. Once we have been prepared to an appro-
priate viscosity, the tongue starts to raise us up towards the hard palate (Figure 1.1;
arrow 1) and then compresses us backwards towards the pharynx. This is the primary
force required to deliver the bolus on its path. We can also feel forces pulling us towards
the pharynx, as lower pressure levels have developed there due to changes in respira-
tion prior to the swallow and the opening of the upper oesophageal sphincter.

Tipping over the edge of the posterior third of the tongue, we find ourselves sliding
down towards the valleculae (Figure 1.1; arrow 7), that area bounded by the base of the
tongue (at the level of the hyoid — Figure 1.1; arrow 5) and the epiglottis (Figure 1.1;
arrow 6). However, we do not see too much of the valleculae as the entire larynx by this
time has been elevated superiorly and anteriorly (Figure 1.1; arrow 4 — mylohyoid) towards
the base of the tongue, out of the path of the bolus. Laryngeal elevation and tongue pres-
sure cause the epiglottis to tip over and assist in protecting the entrance to the larynx.
We, the bolus, are split into two, with each half going lateral to the epiglottis, and being

Dysphagia: Foundation, Theory and Practice. Edited by J. Cichero and B. Murdoch
© 2006 John Wiley & Sons, Ltd.
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ud

Figure 1.1 Sagittal head and neck section

directed into the steep chutes that are the pyriform recesses (Figure 1.1; arrow 8). The
aryepiglottic folds have been stretched up into a ‘curtain’ by the movement of the aryte-
noid cartilages, with each aryepiglottic fold forming one medial wall of each pyriform
sinus. We are being pushed from the sides all of this time as the pharyngeal constrictors
squeeze laterally towards the midline, pushing us ever downwards.

Our final destination is approaching, as the cricopharyngeus (Figure 1.1; arrow
9), the opening to the oesophagus, has relaxed completely. It has been stretched wide
open by the upward and anterior movement of the larynx and relaxation of the mus-
cles and allows us to enter the oesophagus successfully. Prior to the relaxation of the
cricopharyngeus, this muscle remains in a tonic state of contraction, a state neces-
sary to keep gastric contents enclosed within the oesophagus (Figure 1.1; arrow 10).
Inhibiting any possible reflux of contents into the pharynx is crucial in reducing the
risk of aspiration, which is the penetration of material into the airway (Figure 1.1;
arrow 11 — trachea). Upon entering the oesophagus, we can turn around and see the
upper oesophageal sphincter (the cricopharyngeus) contract and close off our escape
route as the entire system returns to rest.

Having taken a ‘first person’ approach to the passage of a bolus, we have noticed
some important scenery along the way. In reality, however, once the swallow is ini-
tiated, the time taken to travel from the mouth to the oesophagus is approximately
one second, so the scenery passes by very quickly. The coordination of this event in
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such a short time frame has been the subject of volumes of work over the years and
an understanding of how it is achieved is essential for the clinician. This chapter will
now explore more deeply into each of the components responsible for a successful
swallow, starting with the neural control. A firm grasp of the brain and neural net-
work controlling the swallow will aid the clinician in the diagnosis and treatment of
the dysphagic patient.

CORTICAL MAPPING

The above is a simplistic description of an extremely complex process requiring
the precise coordination of a myriad of muscles and a nebula of nerves. In recent
years researchers have made great inroads into understanding the brain and its role
in many human functions. Through various mapping techniques such as positron
emission studies and functional magnetic resonance imaging, the human cortex has
begun to give up its secrets. It is imperative that the clinician gain a sound under-
standing of loci within the cortex in order to predict safely what the patient might
experience given a specific injury, and hence to develop an appropriate treatment
philosophy.

To visualize the three-dimensional nature of the cortex and the various loci in
relation to each other, a basic list of terminology is used, which can be found in the
glossary at the end of this chapter.

In addition to understanding the terminology used when discussing the human
brain, it is important that a clear picture of its gross anatomy is present in the clini-
cian’s mind. Referring to the figures in this chapter will enable readers to visualize
and understand the areas of the brain in this discussion. Figure 1.2 shows the exter-
nal topography of the brain laterally, and Figure 1.3 shows the topography in a mid-
line sagittal plane. Figure 1.4 shows a lateral dissection, exposing the insula, or ‘5th
lobe’, and Figure 1.5 is a coronal section at the level of the diencephalon. Figure 1.6
is a horizontal section through the ventricles.

Armed with a layout of the human brain, we can now start to focus on specific
areas involved in specified tasks, and then how they may interact with each other.

THE NEED FOR SUSTENANCE

Swallowing is a major step in the process of refuelling our bodies. Our desire to eat,
along with what we wish to eat, are the first two activities the brain focuses on. In the
treatment and management of a dysphagic patient, it is important to look at the entire
process of sustenance or nutrition, rather than focus purely on the process of passing
the bolus safely. Important connections exist between the body’s need for food and
what we choose to eat, knowledge of which will help the clinician understand the
dysphagic patient better, while possibly providing treatment modalities.
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Figure 1.2 Lateral cerebral topography

Figure 1.3 Mid-line sagittal split
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Figure 1.4 Lateral dissection of insula

Figure 1.5 Coronal section at the level of the diencephalon
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Figure 1.6 Horizontal section through the ventricles

1
2
3.
4
5
6
7
8
9

. Lateral precentral gyrus and primary motor cortex
. Lateral postcentral gyrus and primary sensory cortex
Insula

. Superior temporal gyrus

. Middle frontal gyrus

. Inferior frontal gyrus

. Frontal operculum

. Cerebellum

. Putamen

10. Thalamus

11. Anterior cingulate cortex

12. Corpus callosum

13. Cingulate gyrus

14. Supplementary motor cortex

15. Secondary sensory cortex or posterior parietal cortex
16. Premotor cortex

17. Orbitofrontal cortex

18. Amygdala

19. Hypothalamus

20. Reticular formation

21. Pons

22. Medulla

23. Hippocampus

24. Mesencephalon or Mid brain
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HUNGER AND THIRST

Sewards and Sewards (2003) provide a strong understanding of the cortical repre-
sentation of hunger and thirst. The food drive comes from the lateral nuclei of the
hypothalamus, also known as the ‘hunger centre’. This area of the brain controls the
quantity of intake and excites lower centres in the brain stem to perform the me-
chanical motions of food consumption. In addition to this, the ventromedial nuclei
of the hypothalamus causes the feeling of ‘fullness’, and acts on the lateral nuclei of
the hypothalamus to inhibit the drive for food. However, satiation is associated with
neuronal activity in the prefrontal cortex. The sensation of ‘thirst’ is also located
in the lateral nuclei of the hypothalamus and is triggered when electrolytes in the
centre become too concentrated, causing a strong need to drink until the electrolyte
concentration returns to normal.

The lateral nuclei of the hypothalamus are in turn affected by strong connections
from the amygdala. Zald and Pardo (2000) show that the dorsomedial portion of the
amygdala receives fibres from the olfactory bulb and is part of the lateral olfactory
area. Herein lie important connections that allow us to smell food and immediately
experience hunger for it.

The hypothalamus is also excited directly by ascending pathways from the spinal
cord and brain stem, conveying information from the viscera and the gastrointestinal
tract. The empty stomach can also indicate a need for food through these connec-
tions. Once excited, the hypothalamus casts many shadows across the autonomic
nervous system. Impulses reach the autonomic nuclei of the brain stem and spinal
cord, both directly and via relays in the reticular formation.

TASTE, SMELL AND FLAVOUR

De Araujo et al. (2003) have shown that taste and smell information converges
onto singular neurones in the caudal orbitofrontal cortex and immediately adjacent
agranular insula. It would appear that this may be the site where ‘flavour’ is proc-
essed. However, regions that become activated by both taste and smell in addition to
the areas mentioned above include the amygdala, insular cortex, and anterior cin-
gulate cortex. The anteromedial aspect of the temporal lobe (taste quality) and the
opercular aspect of the superior temporal lobe (taste perception) show additional
activation during the oral presence of stimuli.

The frontal operculum/insula is responsive to taste stimuli alone, and the combina-
tion of taste and smell result in activation of a lateral anterior part of the orbitofrontal
cortex. Interestingly each of these stimuli in isolation causes no activation of this area.

It is important to appreciate the connections between hunger, thirst, taste, smell
and flavour because each of these areas plays a role in preparing the body for the
complex task of coordinating a swallow. These strong connections also provide an
insight into effective treatment modalities for the dysphagic patient, using stimuli
such as smell and taste to excite cortical areas involved in the preparation of a coor-
dinated swallow (see Chapters 3 and 12).
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From the preceding information, the overriding clinical message that must be
understood is that there are many areas of the brain that become active during the
preparatory phase of eating. These areas are interdependent, but physically inde-
pendent, located throughout the central nervous system. Some of the areas have an
integral effect on taste, smell and flavour, whereas others offer only assistance. For
the clinician attempting to rehabilitate the dysphagic patient, the task will be signifi-
cantly easier if there is an understanding that hunger, thirst, taste, smell or flavour
could have been affected by the original event, and therefore may also need manage-
ment for the overall treatment to succeed.

CORTICAL CONTROL OF SWALLOWING

The human swallow is initiated and controlled by areas within the brain stem. Terms
such as a ‘central pattern generator’ were used in the past to describe the area of the
brain stem where the afferent (sensory) inputs from central and peripheral sources
were relayed to the efferent (motor) system to coordinate the appropriate muscula-
ture, after being influenced by an interneuronal network designed to ‘programme’
the process. This thinking suggests that swallowing is primarily a ‘reflex arc’ in-
volving limited regions of the central nervous system. Parts of this thinking remain
relevant but researchers have now shown that the control of the swallow goes far
beyond a brain stem reflex arc.

Mosier and Bereznaya (2001) provided some ground-breaking research into un-
derstanding the cortical control of swallowing. They report that there are five distinct
clusters involved in the cortical control of the swallow, with each cluster consisting
of independent regions of the brain. Each region is anatomically separate from the
other and regions within each cluster work in excitatory and inhibitory parallel loops
to provide the overall desired effect.

The five clusters are:

e A —primary motor cortex; primary sensory cortex; supplementary motor cortex
and cingulate gyrus;

e B —inferior frontal gyrus; secondary sensory cortex; corpus callosum; basal gan-
glia and thalamus;

e C — premotor cortex; posterior parietal cortex;

e D — cerebellum;

e E —insula.

Cluster A is the common point between the two loops. The cortical regions of the
brain included in this cluster are usually involved in voluntary motor behaviour,
planning and execution of sequential movements based on internally stored informa-
tion or ‘remembered’ sequences. As such, it is believed this cluster might act as the
sensorimotor output.

Cluster B is positively affected by cluster A, and may serve to integrate sen-
sory information about the bolus (e.g. viscosity, inertial properties) with the internal
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representation of swallowing movements. Activation of this cluster will have an
inhibitory effect on cluster D.

Cluster C provides an excitatory effect on cluster A, and as such could involve
cortical strategies for movement planning and implementation.

Cluster D (the cerebellum) negatively and preferentially influences clusters A and
B, possibly to modulate the internal representation for swallowing and coordination
among the multiple effector states. It organizes the timing through sensory input and
motor output. The cerebellum also acts to change the tongue and pharynx muscula-
ture toning, to counteract variable intraluminal pressures.

Cluster E (the insula) negatively and preferentially influences clusters A and C,
possibly to synchronize the kinematics of movement.

As detailed above, clusters A, B and C are groupings of independent areas of the
cortex, working together to achieve a common goal. Some of the areas within each
group have been investigated further, to identify a more specific role that they might
play in the control of swallowing. Martin et al. (2001) identified roles for these areas
in the control of both voluntary and automatic swallowing.

The lateral postcentral gyrus (primary sensory cortex, found in cluster A) is in-
volved in the processing of oropharyngeal sensory inputs. This role is subsequent to
the brain stem receiving the afferent signals. The processing here requires sensory
inputs that monitor saliva accumulation or bolus delivery and transport, which is
converted into the appropriate stimulation of the jaw, tongue, palate and pharyngeal
musculature required for swallowing.

The frontal operculum has classically been regarded as subserving motor speech
production as part of Broca’s area. However, studies have now shown that it also has
arole in the control of non-speech orofacial sensorimotor behaviours.

The anterior cingulate cortex (cluster A) is a multifunctional region processing
sensory, motor and cognitive information. Differing parts of the cortex are activated
in reference to a swallow that is autonomic or volitional. An autonomic swallow is
a swallow that occurs without any conscious effort on the patient’s behalf. The best
example of this is a saliva swallow during sleep. A volitional swallow is a swallow
initiated by a conscious decision from the patient. In the autonomic swallow, the
rostral region of the anterior cingulate cortex is activated, while in the volitional
swallow it is the caudal and intermediate regions. These latter two regions possibly
reflect premotor and/or attentional processing.

In looking through the list of cortical regions involved in the swallowing process,
we can see that many of these regions overlap or are intimately related to those areas
involved in taste, thirst, hunger, smell and flavour. If we find that the area of injury in
a dysphagic patient is isolated in these regions, rehabilitation may be possible using
taste, smell or flavour to reignite these damaged areas, and rehabilitate the swallow
(see Chapter 12).

Those areas critical to this concept are as follows.

 The insula exists as cluster E, influencing clusters A and C, and is also involved in
taste and smell in isolation, or together as flavour.
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e The cingulate cortex is a member of cluster A, the motor behaviour group, and is
involved in taste and smell in isolation, or together as flavour.

UPPER AND LOWER MOTOR NEURONES

Following our discussion of the cortical control of swallowing, it is an appropri-
ate time to discuss the concept of upper and lower motor neurones. Kiernan (1998)
helps to explain these two terms, which are primarily related to clinical discussions.
They are often used as ‘all-encompassing’ terms for neurones that, by neuroanatomy
standards, should be more clearly defined. For simplicity, however, our discussions
will be framed in these clinical terms.

Upper motor neurones are those neurones of the descending pathways of the
brain involved in voluntary control of the musculature. This term encompasses all
higher level connections (such as the cortex, cerebellum and thalamus) where the
neural message ultimately affects the relevant nucleus of the lower motor neurone.
These neurones are often bundled together into tracts, such as the corticospinal tract,
and carry the impulse from the cortex to the motor nucleus in the brain stem.

Lower motor neurones are those neurones that extend from the motor nuclei of
the brain stem to the effector musculature. Examples of this are the lower motor
neurones from the facial motor nucleus, which convey the impulses to the muscles
of facial expression.

The clinician will need to understand the implications of upper versus lower mo-
tor neurones when it comes to diagnosing the patient’s condition. An upper mo-
tor-neurone lesion will result in weakened or absent voluntary movements of the
affected muscle, with subsequent increase in muscle tone tending towards spasticity.
Reflex movement can become jerky and exaggerated. Lower motor-neurone damage
will result in complete paralysis of the affected muscle, with ultimate atrophy of the
muscles due to an absence of use.

During the discussion of the cortical control of swallowing we saw that many dif-
ferent regions of the brain have a role to play. All of this control is directed, via upper
motor neurones, towards what was once considered the region where a swallow was
initiated and controlled. The brain stem does hold an extremely important place in
the swallowing process, but as we have seen, the role is more of a relay station rather
than the generator.

THE BRAIN STEM AND CRANIAL NERVES

The brain stem houses the motor and sensory nuclei of the cranial nerves whose
distributions blanket the oral and pharyngeal passageways. Afferent fibres return
to this region carrying information from mechanoreceptors and free nerve endings,
and efferent fibres impart the necessary stimulation to coordinate the muscula-
ture. The clinician and student of dysphagia must have an intimate understanding
of the cranial nerves involved, i.e. trigeminal (V), facial (VII), glossopharyngeal
(IX), vagus (X) and hypoglossal (XII), their pathways, and associated brain stem
nuclei.
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Perlman (1991) and Donner et al. (1985) have helped to summarize this complex
area. Following their lead, we shall consider six types of nerve fibres existing within
these five nerves:

e General somatic efferent (GSE). These send motor fibres to the skeletal muscles
of the eye and tongue — muscles that have developed from myotomes of the embry-
onic somites, and are voluntary muscles.

e Special visceral efferent (SVE). These are the motor fibres for the striated muscles
controlling chewing, facial expression, the larynx and pharynx. These are muscles
derived from the branchial arches of the embryo, and are also under voluntary
control.

e General visceral efferent (GVE). These fibres are motor to the smooth muscles,
the blood vessels and the glands of the head and neck. They are autonomic or
involuntary fibres.

» General somatic afferent (GSA). These fibres relay impulses from general sensory
endings, primarily concerned with pain, temperature, touch and proprioception.

o Special visceral afferent (SVA). These neurones carry taste after innervation of
the taste buds.

e General visceral afferent (GVA). These fibres convey sensations of fullness in hol-
low organs, and for our purposes, also carry sensations from visceral organs such
as the larynx and pharynx.

Not every type of fibre is represented in each cranial nerve, which helps to dictate
the specific role that each of these cranial nerves play. We will now analyse the five
cranial nerves of interest to us in greater detail.

TRIGEMINAL (V)

This is primarily the general sensory nerve for the head, with a motor component
for the muscles of mastication and several smaller muscles. There are three sensory
branches, the ophthalmic, maxillary and mandibular. The maxillary and mandibular
branches are of interest to us as they supply all sensory information from the mouth,
lips, chin, teeth, tongue and palate. The motor component runs along the mandibular
branch, and innervates the muscles of mastication — temporalis, masseter, lateral ptery-
goid and medial pterygoid. The several smaller muscles innervated by the trigeminal
are the tensor tympani, tensor veli palatini, mylohyoid and anterior belly of digastric.

There are four nuclei associated with the trigeminal, one motor and three sensory.
The three sensory nuclei run continuously from lateral to the cerebral aqueduct (the
mesencephalic), through the pontine tegmentum (the chief sensory nuclei) and down to
the inferior part of the pons through the medulla (the spinal nucleus). The motor nucleus
is medial to the chief sensory nuclei, in the dorsolateral area of the pontine tegmentum.

FACIAL (VII)

The facial nerve comprises two distinct parts, a mixed-motor part and special
sensory part. The motor nerve supplies the muscles of facial expression, the
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buccinator, the posterior belly of digastric, platysma, stylohyoid and stapedius.
There is also a parasympathetic motor component (secretomotor) to the sub-
mandibular, sublingual and lacrimal glands as well as the glands of the nasal
and palatine mucosa. The sensory component conveys taste from the anterior two
thirds of the tongue and soft palate via the chorda tympani and greater petrosal
nerves respectively.

The facial motor nucleus is located caudally to the motor nucleus of the trigeminal
nerve, in the ventrolateral part of the tegmental area of the pons. The secretomotor
component of the facial nerve is directed from the superior salivatory and lacrimal
nuclei, which are located medial to the facial motor nucleus.

The special sensory fibres run from their origins in the mouth, and terminate in
the solitary nucleus, adjacent to the solitary tract.

Glossopharyngeal (IX)

This nerve is a mixture of special sensory (taste), general sensory, secretomotor and
motor. The general motor component supplies one muscle, the stylopharyngeus, and
the secretomotor supplies the parotid gland. The general sensory component cov-
ers the mucous membranes of the oropharynx, palatine tonsils, faucial pillars and
posterior third of the tongue.

The motor fibres to the stylopharyngeus arise from the rostral portion of the
nucleus ambiguous, and the secretomotor fibres begin from the inferior salivatory
nucleus, located caudally to the superior salivatory nucleus.

The sensory afferents of taste terminate in the nucleus of the solitary tract, and
the general sensory component terminates in the spinal nucleus of the trigeminal
spinal tract.

Vagus (X)

Like the glossopharyngeal, the vagus is a mix of special sensory, general sensory,
visceromotor, and parasympathetic motor fibres to the abdomen and thorax.

The general visceral motor component supplies all the muscles of the soft
palate (except tensor veli palatini — V), all the muscles of the pharynx (except
stylopharyngeus — IX) and all the muscles of the larynx.

Sensory components for the vagus relate primarily to the mucosa of the pharynx,
epiglottis, joints of the larynx, mucosa of the larynx and mucosa of the oesophagus.
The taste fibres from the epiglottis are initially carried by the vagus but ultimately
travel with the special sensory fibres of the glossopharyngeal.

The nuclei of the vagus are dominated by the largest parasympathetic nucleus of
the brain stem, the dorsal nucleus of the vagus nerve. In addition to this nucleus,
the nucleus ambiguus provides the motor component for the special visceral efferent
fibres to the pharynx and larynx, the spinal trigeminal tract for the general visceral
afferents, and the solitary nucleus for taste. These last three nuclei are the same as
those involved for the glossopharyngeal nerve.
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Hypoglossal (XII)

This nerve is motor to the intrinsic and extrinsic muscles of the tongue, and there
is some belief that a form of sensory feedback via muscle spindle proprioception is
conveyed as well. The fibres originate from the hypoglossal nucleus in the medulla,
an elongated nucleus lying between the dorsal nucleus of the vagus nerve and the
midline of the medulla.

A tabular summary of the cranial nerves involved in deglutition is included below,
which may help some to recall and compare the various roles of the nerves.

MUSCLE ACTIONS

Having discussed which muscles are innervated by each of the five cranial nerves,
it is important to understand what action each muscle, once activated, is trying
to achieve. An understanding of this process will help the clinician and student
appreciate at what level the patient may be experiencing problems, and subsequently
arrive at appropriate compensatory manoeuvres to aid the patient. While reviewing
these muscles, bear in mind that many of the muscles of the oropharynx are supplied
by the pharyngeal plexus, which is itself made up of various branches from cranial
nerves IX, X and XI.

Muscles supplied by trigeminal (V)

o The masseter, temporalis, medial pterygoid and lateral pterygoid work together to
masticate a bolus, moving the mandible from side to side, elevating and protrud-
ing the jaw.

» The tensor tympani is innervated by the trigeminal nerve, however this muscle
plays no role in swallowing. Rather, it helps to protect the tympanic membrane of
the ear from damage by loud noises.

» The tensor veli palitini tenses the soft palate prior to its elevation.

» The mylohyoid elevates the hyoid bone, floor of mouth and tongue.

 The anterior belly of digastric depresses the mandible, raises the hyoid bone and
stabilizes the hyoid bone.

Muscles supplied by facial (VII)

o The muscles of facial expression. Those muscles surrounding the mouth are of
most importance, responsible for an adequate lip seal.

» The buccinator aids mastication by pressing the bolus laterally into the molar
teeth.

o The posterior belly of digastric raises the hyoid bone and stabilizes the hyoid
bone.

» The platysma depresses the mandible.

» The stylohyoid elevates the hyoid and retracts the hyoid distally.

» The stapedius plays no role in swallowing. Rather, it controls the movement of the
stapes bone in the inner ear.
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20 DYSPHAGIA: FOUNDATION, THEORY AND PRACTICE
Muscles supplied by the glossopharyngeal (IX)

» The stylopharyngeus elevates the pharynx and larynx.

Muscles supplied by the vagus (X)

e The levator veli palatini elevates the soft palate.

e The palatoglossus elevates the posterior part of the tongue and draws the soft pal-
ate onto the tongue.

e The palatopharyngeus tenses the soft palate and draws the pharynx superiorly,
anteriorly and medially.

e The musculus uvulae shortens the uvula, pulling it superiorly.

e The superior, middle and inferior constrictors constrict the walls of the pharynx.

e The salpingopharyngeus elevates the pharynx and larynx.

e The intrinsic muscles of the larynx oppose the vocal cords to protect the airway
during swallowing.

e The cricothyroid tips the thyroid cartilage anteriorly, helping to protect the airway
during swallowing.

e The cricopharyngeus inhibits the reflux of gastric contents.

Muscles supplied by the hypoglossal (XII)

e The intrinsic muscles of the tongue change the shape of the tongue to allow bolus
movement.

e The genioglossus depresses the tongue and also allows protrusion.

e The hyoglossus depresses and retracts the tongue.

e The styloglossus retracts the tongue and also draws up the lateral borders to gener-
ate a chute.

e The geniohyoid pulls the hyoid anteriorly and superiorly, widening the pharynx
and pulling the larynx out of the bolus path.

e The sternohyoid, omohyoid, sternothyroid and thyrohyoid — the infrahyoids — de-
press the hyoid bone after swallowing or depending on other muscle movements,
stabilize the hyoid, and elevate the larynx.

Now that we have a firm grasp of the sensory and motor neurone pathways and the
muscles that are innervated with their actions, we can discuss the various reflexes
and patterned responses that we find in the oral cavity, oropharynx and pharynx.

REFLEXES, ARCS AND PATTERNED RESPONSES

Prior to any discussion of reflexes of the oral and pharyngeal regions it is impor-
tant to discuss exactly what defines a reflex. A true reflex is a neural arc that, once
initiated, cannot be stopped. Previous definitions have merely stated that a reflex
is indicated when specific sensory inputs subconsciously induce a motor response.
This is not entirely correct, as seen in the case of the patellar tendon reflex. A firm
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tap of the patellar tendon of the knee will result in an immediate and uncontrollable
extension of the leg. We are fully conscious of the reflex and can feel our quadriceps
contract, but we are unable to stop this contraction. Accordingly, a ‘subconscious
motor response’ is not a clear guide as to what constitutes a reflex.

A more appropriate term to use in relation to our current field of study is the
patterned response. A patterned response is a motor activity, exhibiting elements
of subconscious programming and repetition but in which the programming can be
overridden voluntarily (cortical control). It is important to understand the difference
between the two concepts, in order to aid diagnosis dependant on the presence or
absence of each.

Traditionally the swallow has been regarded as a reflex, whereas conventional
research leans more towards the concept of a programmed or patterned response. A
look at the neurological control of swallowing as outlined earlier clearly shows that
the human swallow is a little bit of both. This is most easily explained in the case of
an automatic swallow in a decerebrate laboratory animal. Such animals were histori-
cally used to justify the entire swallow as a reflex. In the absence of a cerebrum, the
test animal could still elicit a swallow following stimulation of the internal branch
of the superior laryngeal nerve. At this point in the pharynx, the continuation of the
swallow is involuntary and not under cortical control. Prior to this point, however,
the motor pattern of swallowing can be overridden. This situation can be shown us-
ing biofeedback mechanisms while undergoing a fibreoptic endoscopic examination
of swallowing (FEES) (see Chapter 8). A patient watching the fibreoptic picture of
a bolus in the pharynx can suppress the urge to commence the swallow. Once the
bolus reaches a critical point (e.g. areas innervated by the internal branch of the su-
perior laryngeal nerve) cortical control cannot be maintained and the reflex occurs.

There are some true reflexes in the oral and pharyngeal areas. Jaw reflexes pro-
mote opening of the mouth in cases where the periodontal ligaments supporting the
teeth are stimulated by biting on something too hard. The ‘gag reflex’ is not a reflex,
but rather a response that exists in some people and not in others and can be limited
voluntarily. The cough reflex is a true reflex, instigated by the presence of a stimulus
at or below the vestibule of the larynx. These last two physiological events are dis-
cussed in greater details in later chapters (see Chapters 4 and 7).

THE SWALLOW IN DETAIL

Armed with the information outlined above we can now look at integrating the en-
tire swallowing process. Tying the feedback loops, cortical control, and neural net-
works with the anatomy and physiology will help the student and clinician calculate
exactly which part of the deglutition process has failed in the dysphagic patient, and
allow a starting point for the exploration of treatment modalities.

Once again we will adopt the “first person’ viewpoint of bolus preparation and
swallowing, clarifying our original discussion of surface anatomy by including the
musculature and neural involvement.
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Stage 1: hunger

The smell of food, an empty stomach or an electrolytic imbalance informs sections
of the brain (lateral walls of the hypothalamus) of the need to eat. Connections to
the brain stem activate the nuclei of CN VII and IX, to promote secretion of salivary
juices in preparation of a bolus.

Stage 2: chewing

As food is placed in the oral cavity, CN VII ensures a good lip seal (orbicularis oris)
while CN V relays the sensory information back to the brain stem, constantly modify-
ing the fine motor control of bolus preparation. Cortical processing provides motor
activity to CN V, VII, IX, X and XII, creating an enclosed environment within the
mouth to prepare the bolus. The cheeks provide tone (buccinator, CN VII), the soft
palate is tensioned and drawn down towards the tongue (tensor veli palatini, CN V;
palatopharyngeus, CN IX) and the tongue is drawn up towards the soft palate (pal-
atopharyngeus, CN X; styloglossus, CN XII). At the same time, the hyoid bone is
stabilized (infrahyoid muscles, CN XII and C1-C3) to allow free movement of the
mandible. The bolus is prepared by closing (temporalis, masseter, medial pterygoid,
lateral pterygoid; CN'V) and opening (mylohyoid and anterior belly of digastric, CN V;
geniohyoid, CN XII and C1-C3) of the mandible. The bolus is also pushed around the
mouth by the actions of the tongue in order to create a consistent and homogenous tex-
ture (hyoglossus, genioglossus, styloglossus and the four groups of intrinsic muscles
of the tongue; CN XII). While this is happening, taste sensations (CN VII and IX) are
providing additional information to the cortex, contributing to the stimulation of those
areas of the brain required to coordinate the swallow (insula and cingulate cortex).

Stage 3: voluntary initiation

The patient can voluntarily initiate the swallow once the bolus has been adequately
prepared. The soft palate elevates slightly (levator veli palatini and palatopharyn-
geus, CN X)), along with slight elevation of the hyoid bone (suprahyoid muscles
contracting on a rigid mandible, combined with slight relaxation of the infrahyoid
muscles). At this point the entire pharyngeal tube is elevated (stylopharyngeus, CN
IX; palatopharyngeus and salpingopharyngeus, CN X). Now the tongue gets to work
to deliver the bolus. The movements involved force the bolus distally towards the
posterior wall of the pharynx in a ‘piston-like’ manner, using the hard palate for re-
sistance. It was believed that once the bolus reaches the oropharynx that the swallow
cycle could not be stopped and became a reflex. We can appreciate now that this is
not entirely the case.

At this stage, sensations from the passage of the bolus are conveyed mainly by
CN IX, but also by CN X. Many authors discuss the concept of the ‘pharyngeal
plexus’ to describe the areas supplied by CN IX and X throughout the mucosa of the
pharynx, and such a description is appropriate here. Both nerves also convey taste
from this area continuing the higher level information feedback loops.
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Stage 4: laryngeal elevation

The first motion of the tongue in preparation for propelling the bolus into the
oropharynx is in an elevated anterior direction toward the roof of the mouth (my-
lohyoid and anterior belly of digastric, CN V; stylohyoid and posterior belly of
digastric, CN VII; palatoglossus, CN X; genioglossus, hyoglossus and styloglos-
sus, CN XII; geniohyoid, CN XII and C1-C3). It is clear to see that this motion
has a follow-on effect of elevating the hyoid bone in an anterior direction, and
subsequently the larynx as well. By this time the soft palate has sealed off the
nasopharynx, and the superior constrictors have begun their medialization of the
lateral walls. The larynx is elevated and moved anteriorly in relation to the hyoid
bone by the thyrohyoid (CN X).

Stage 5: laryngeal closure

While the larynx is being elevated, the vestibule closes and rises relative to the
thyroid cartilage (cricothyroid and intrinsic laryngeal muscles, CN X). The apposi-
tion and elevation of the arytenoid cartilages provide the medial ‘curtains’ of the
pyriform recesses. These ‘curtains’ are the aryepiglottic folds. At the same time the
pressure exerted on the base of the epiglottis, in combination with laryngeal eleva-
tion from below, causes the epiglottis to tip over the apposed cords and cover the
vestibule.

The medial constrictors (CN X) have continued the ‘stripping’ of the pharynx by
medialization, following on from the superior constrictors. The palate has started to
descend (palatopharyngeus, CN X) as the constrictors begin the ‘stripping’ process,
and the tongue moves posteriorly (styloglossus, CN XII) to participate in the closure
of the oropharynx. Once the bolus has reached the pharyngeal areas innervated by
the internal branch of the superior laryngeal nerve, the swallow becomes reflexive
and cannot be halted.

The elevation and anterior movement of the larynx have allowed stretching of cr-
icopharyngeus (upper oesophageal sphincter) to open the entrance into the oesopha-
gus. The inferior constrictor has finished its process of medialization after the bolus
has passed through, and the bolus is delivered safely into the oesophagus.

Stage 6: resting state

Cricopharyngeus resumes its tonic state of closure once the bolus has passed. The
absence of any stimulus in or around the vestibule will allow reopening of the glottis,
and the larynx to lower. All of these actions are covered by a reflex arc involving
only CN X. Presence of a stimulus in the region should result in a reflex cough. The
tongue and hyoid return to their resting position, as does the palate.

When studying the physiological sequence of a swallow it must be remembered
that all of this occurs with split-second timing. Our outline above suggests that one
event follows neatly after the next and then the next. In reality the timing of the oral
phase for a liquid bolus is a second, and the timing of the pharyngeal phase for all
boluses is also a second.
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SUMMARY

The aim of this chapter has been to provide an understanding of the integration of
many muscles and nerves to perform the complex task of swallowing. New research
has opened our eyes to the crucial role the cortex and other parts of the brain all
play in execution of this task, while offering an insight into many clinical manifesta-
tions of dysphagia that until recently have been incorrectly explained. In addition,
an appreciation of exactly where a swallow becomes automatic has been gained,
increasing the need for a clinician to understand, for example, that residual pooling
of material in the valleculae may in fact be normal (see Chapter 3).

As you progress through this text, let your grounding in what is normal be your
guide in order that your diagnosis and treatment of dysphagia be achieved from first
principles.
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GLOSSARY

Axial: aslice laterally, from one side to the opposite side, perpendicular to a sagittal
section.

Caudal: towards the inferior or tail end of the body.

Coronal: a horizontal slice.

Dorsal: towards the back or top-most of the body.

Lateral: towards the side or outside of the body.

Medial: towards the middle of the body.

Rostral: towards the anterior of the body.

Sagittal: a slice from the front or anterior, through to the back or posterior.

Ventral: towards the belly or underside of the body.
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2 Swallowing from Infancy to Old Age

JULIE CICHERO

So far we have discussed the anatomical features and physiology of the normal swal-
low in general terms (see Chapter 1). There are, however, some important differences
between the adult and infant swallow and even between adult and infant oropharyn-
geal structures. The paediatric swallow is fascinating not least because it is evident
in the foetus from 12 weeks’ gestational age. The infant must learn to adapt to dif-
ferent foods, fluids and textures — a process the child manages very well by about 3
years of age. This chapter will cover the process of suckle, suck and swallow in the
infant and will also discuss transitional feeding. Humans, do not, however, reach a
stable state once normal chewing and swallowing patterns have been achieved. The
ageing process takes a toll on swallowing. Some physiological parameters of the
swallow alter as we age. Many of these are discussed in other chapters of this text;
however, the broad changes that occur with ageing will be highlighted here.

THE EMBRYO, THE INFANT AND THE CHILD

Breathing and swallowing are two of the most important functions necessary to sustain
life. As noted above, the human foetus is able to swallow from 12 weeks’ gestational
age. The very early development of this function alerts us to its importance. Infants
begin life by sucking and swallowing liquids. This involves a high degree of coordina-
tion in order to feed effectively and, at the same time, to protect the airway. Infants
begin by suckling, and then move onto the more mature pattern of sucking. Similarly,
the actions of chewing develop from a less mature munching pattern. As infants grow
they also develop skills that allow them to move from thin liquids to the wide variety of
textures that adults enjoy. Excellent texts have been devoted to the paediatric feeding
and swallowing mechanism, pattern of development, and pathology (Wolf and Glass,
1994; Arvedson and Brodsky, 2002). This section serves to alert the reader to some
important considerations when examining the infant swallow and its maturation.

THE BRANCHIAL ARCHES AND THEIR SIGNIFICANCE

Many paediatric dysphagia texts begin with a discussion of the branchial arches.
Certainly it seems like overkill to start as far back as embryologic development;
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however, there is at least one very important reason for revisiting the branchial
arches: it helps us to understand congenital swallowing disorders and craniofacial
abnormalities (e.g. Treacher Collins syndrome and also cleft palate). These are elab-
orated in Chapter 13. More importantly, the branchial arches also help us to under-
stand why certain functions are so closely linked — like swallowing and respiration,
for example. The following brief discussion highlights aspects of the development of
the branchial arches that may be of interest to the dysphagia clinician.

BRANCHIAL ARCH DEVELOPMENT

Three weeks after conception there are three germ layers present. These are the ec-
toderm, mesoderm and endoderm and they are otherwise known as the neural crest
cells. These layers provide the basis for the development of the skin and nervous
system (ectoderm), smooth muscle, connective tissue and blood vessels (mesoderm),
and digestive and respiratory systems (endoderm). The three germ layers give rise
to all tissues and organs of the embryo (Moore, 1973). Early in the fourth week
after conception, the branchial arches develop from these neural crest cells. All ver-
tebrae, and specifically the head and neck, develop from the branchial arches and
their constituents. More specifically the face, neck, nasal cavities, mouth, larynx
and pharynx along with muscular attachments for the head and neck are all derived
from the branchial arches (Arvedson and Brodsky, 2002). There are six pairs of
branchial arches with each being separated from each other by obvious branchial
grooves (also known as clefts). A simple figure illustrating the branchial arches is
shown in Figure 2.1.

Each branchial arch develops into specific skeletal structures and muscles and
their nerve supply. The development of the branchial arches explains how, for

Mandibular arch (1)

Sk Y Hyoid arch (2)

Figure 2.1(a) Antero-posterior view of the brachial apparatus 28 * 1 day (adapted from
Moore, 1973)
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Figure 2.1(b) Lateral view of the brachial apparatus 28 * 1 day (adapted from Moore,
1973)

example, a single structure like the tongue receives innervation from a number of
different nerves (i.e. CN. V, VII, IX and XII). In short, this is because the tongue
is formed by a number of the branchial arches. The motor supply to the muscles
of the tongue is provided by the hypoglossal nerve (CN. XII), which emanates
from myoblasts from the occipital myotomes (Moore, 1973). As noted in Chapter
1, sensory nerve supply is provided to the mucosa of the anterior two-thirds of the
tongue by the lingual branch of the mandibular division of the trigeminal nerve
(CN V - first branchial arch). Taste for the anterior two-thirds of the tongue is
supplied by the facial nerve (second branchial arch), whereas taste for the poste-
rior third of the tongue is supplied by the glossopharyngeal nerve (third branchial
arch). In addition, a small area of the tongue anterior to the epiglottis is supplied
by the superior laryngeal nerve of the vagus nerve (fourth branchial arch) (Moore,
1973). Although it is confusing it helps to explain the many dimensions of this
single structure.

The first branchial arch gives rise to the upper and lower jaw, the malleus and
incus of the inner ear and the trigeminal nerve. The second branch provides por-
tions of the hyoid bone and stapes of the inner ear, among other structures, and the
facial nerve. The first and second arches provide the mouth, tongue and muscles of
mastication, and the facial nerve (Moore, 1973; Tuchman, 1994). The third brancial
arch contributes portions of the hyoid bone, the posterior third of the tongue and a
portion of the epiglottis and pyriform sinuses, while the fourth and sixth arches give
rise to the tongue, laryngeal cartilages, epiglottis and inferior pharyngeal constric-
tors (fourth arch). The third branchial arch provides the glossopharyngeal nerve and
the hypoglossal nerve. The fourth and sixth branchial arches give rise to the vagus
nerve and specifically the recurrent laryngeal nerve and the superior laryngeal nerve
(Arvedson and Brodsky, 2002). Pairs of pharyngeal pouches also develop between
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the branchial arches. There are five pharyngeal pouches. Briefly, these pouches de-
velop into the Eustachian tube, the tonisllar fossa region, the parathyroid glands and
the thymus (Moore, 1973).

The respiratory system and the digestive system develop from the same embry-
onic structure — that of the endoderm. The fact that these systems develop from the
one embryonic structure shows that these systems are by nature linked together.
Both systems develop from the laryngotracheal groove in the primitive pharynx.
The underbelly of the laryngotracheal tube eventually becomes the larynx, tra-
chea, bronchi and lungs. The back of the laryngotracheal groove develops into the
oesophagus. This early development (fourth week) shows that the respiratory and
deglutitory systems are tightly woven together from the very early stages of gesta-
tion. It is hardly surprising to find the two systems working in the harmony that is
required to sustain life, both by breathing and swallowing. It also provides excellent
reason to look at the syncrhonization of the respiratory and swallowing systems (see
Chapter 4). Koempel and Holinger (1998) also note that the limbs develop at the
same time as the orofacial structures (approximately 6 weeks’ gestation). They indi-
cate that this would account for the concurrent limb abnormalities found in children
with orofaciodigital syndromes.

Some interesting markers of embryonic development
as they relate to swallowing

The very importance of the act of swallowing is evident in that the reflex is present
by 12 weeks’ gestational age. The epiglottis and larynx are clearly identifiable by
day 41 of life (approximately 6 weeks) (Koempel and Holinger, 1998). By the end
of the first trimester (i.e. 12 weeks) the foetus can swallow (Arvedson and Brodsky,
2002), absorb and discharge fluids. Within the next week the vocal folds form. By
10 weeks all organs are present and the heart is almost completely developed. Taste
buds are forming on the tongue by 7 weeks’ gestation and taste receptors are noted
by 12 weeks (Arvedson and Brodsky, 2002). By 20 weeks the taste buds can distin-
guish sweet from bitter (Stoppard, 1993). The gag reflex is present at 26 to 27 weeks’
gestational age and the rooting reflex is noted by 32 weeks gestation (Arvedson and
Brodsky, 2002). The coordination between swallowing and breathing is not fully
organized until after 34 weeks’ gestational age.

ANATOMICAL DIFFERENCES

Infants and older children have a number of anatomical differences. These mostly
concern the relative size of the various structures relating to swallowing. These are
the oral cavity, the pharynx, larynx and oesophagus. Table 2.1 provides a ready
reference to these differences. Beginning with the oral cavity, note that the distance
between the velopharyngeal region and tongue base increases from around 20 mm
at 3 months to 27mm at 4 years. The distance between the tongue base and the
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Table 2.1 Orofacial and functional swallowing differences between (a) infants and (b) the
older child and adults

Anatomic location or

physiological variable Infant

Older child/adult

Mouth

Pharynx

Larynx

Trachea
Oesophagus

Volume per swallow
Swallows per day

Tongue fills the mouth. Cheeks
have sucking pads. Small
mandible proportionate to the
cranium.

Gentle curve from the
nasopharynx to the
hypopharynx, hence no
definite or distinct oropharynx.
Pharynx found at the level of
the third cervical vertebrae.

Located at the third and fourth
cervical vertebrae. Arytenoids
are nearly mature in size in
comparison with remainder

of laryngeal structures which
are a third of the adult size.
Vocal cord length: 6mm to

8 mm. Glottis width at rest:

3mm. Maximum glottis: 6 mm.

Narrow vertical epiglottis.

Diameter of a pencil (~0.8 cm).
5Smm diameter, 11 cm long

0.2ml (£ 0.11 ml)
600 to 1000

The mouth is large and the
tongue rests on the floor of the
mouth. No sucking pads. More
proportionate mandible.

During maturation the gentle
curve becomes a 90° angle
between the nasopharynx and
oropharynx, distinguishing the
two regions from each other.
Pharynx found at the level of the
sixth cervical vertebrae.
Descends to the sixth cervical
vertebrae during childhood and
comes to rest at the seventh
cervical vertebrae during
puberty. Vocal cord length:
Males: 17mm to 23 mm.
Females: 12.5mm to 17 mm.
Glottis width at rest: males 8 mm;
females 6 mm.

Maximum glottis: males 19 mm;
females 13 mm. Flat, wide
epiglottis.

Diameter of 2.5cm.

2 cm diameter, extends from
sixth cervical vertebrae to
eleventh thoracic vertebrae

(23 cm to 25 cm long)

20ml to 25 ml per mouthful.
600+

Source: Lear et al. (1965); Aronson (1985).

entrance to the larynx increases from around 5mm at 3 months to 9mm at 4 years
(Rommel, 2002).

In infants, the tongue is very large compared to the oral cavity. The hyoid bone
sits very high in the infant, right up under the mandible. The hyoid is similarly set
high and the thryroid cartilage is ‘continguous’ with the hyoid bone. This arrange-
ment explains why there is less vertical distance travelled in the motion of laryngeal
elevation in the infant. In the adult there is an obvious space between the mandible
and the hyoid bone, and the distance travelled makes the vertical movement more
obvious. A prominent pharyngeal pressure wave is also noted in infants whereas this
is not normally seen in adults (Tuchman, 1994).
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The pharynx consists of three ‘geographical’ regions — the nasopharynx (behind
the nose), the oropharynx (behind the mouth) and the hypopharynx (closest to the
larynx). In infants, the pharynx shows a gentle curve from the nasopharynx to the
hypopharynx. As infants grow, however, the gentle curve gradually changes to be-
come closer to a 90° angle between the nasopharynx and oropharynx as seen in
adults. In infants, the small oral cavity in combination with the close proximity of
the tongue, soft palate and pharynx with the larynx appear to facilitate nasal breath-
ing (Rommel, 2002).

The base of tongue and larynx descend during the first year of life. In the new-
born, the larynx and pharynx are initially located at the level of the third and fourth
cervical vertebrae, and descends to the level of the sixth cervical vertebrae during
childhood, reaching the seventh cervical vertebrae by 15 to 20 years (Aronson, 1985).
The larynx grows steadily until about 3 years of age, and then remains relatively sta-
ble until 12 years of age. At the onset of puberty the laryngeal cavity grows larger,
the vocal folds lengthen and thicken. In addition, the laryngeal prominence becomes
more noticeable in males as the thyroid alae narrows to 90°, as opposed to females,
where it remains the same (Aronson, 1985; Moore and Dalley, 1999). The larynx
continues to descend throughout life. The trachea similarly grows from the diameter
of a pencil in infancy to the adult size of 2.5 cm (Moore and Dalley, 1999).

In the infant, the arytenoids are nearly mature in size, when compared with the
small size of the remainder of the laryngeal structures. Our understanding of glottic
closure patterns in normal adult swallowing shows that closure and anterior move-
ment of the arytenoids is critical to protection of the airway (see also Chapter 4). The
relatively large size of the arytenoids in comparison to the laryngeal region may well
explain why relatively little epiglottic tilt is required until the child reaches 5 years
9 months of age. Closure of the arytenoids would provide primary protection from
aspiration (Rommel, 2002).

The oesophagus in the infant is Smm in diameter and approximately 11 cm long.
By adulthood it is 2 cm in diameter. It extends from the upper oesophageal sphincter
(UES) at the level of the sixth cervical vertebrae to the level of the lower oeophea-
geal sphincter (LES) where it meets the stomach at the level of the 11th thoracic
vertebrae. The UES is fully functional in the newborn infant and varies in length
between Smm and 10 mm in the newborn while the adult dimensions are in the order
of 20mm to 44 mm in length (Rommel, 2002).

PHYSIOLOGICAL DIFFERENCES

While there are many anatomical differences between infant and adult oropharyn-
geal structures, there are also some physiological differences relating to swallowing.
Newborn infants have a poorly developed cough reflex (Bamford et al., 1992). The
infant response to a laryngeal irritant such as water is to have a period of apnoea,
then a swallow, and then possibly a cough (see Table 2.2). The average volume of
milk taken by an infant in each suck is 0.2ml (£0.11 ml), requiring 300 sucking and
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swallowing motions to consume 60ml (Selley et al., 1990). The amount of fluid
an infant draws in has also been measured to be as small as 0.04 ml, which is the
size of a drop commonly seen if one watches the drop rate in intravenous infusions
(Selley et al., 1990). Wolf and Glass (1992) reported that in breast-fed infants, the
milk volume early in the feed is closer to 0.14 ml/suck, whereas at the end of the feed
it dips as low as 0.01 ml/suck. Healthy infants swallow six times per minute while
awake and six times per hour while asleep (Arvedson and Brodsky, 2002). Adults
swallow on average 600 times per day but preserve the ratio of highest swallow rates
during food intake (mean rate of 296 swallows/hour) and lowest swallow rates dur-
ing sleep (mean rate of 7.5 swallows/hour) (Lear et al., 1965).

SUCKLE, SWALLOW AND RESPIRATION - A PATTERNED
SEQUENCE

In healthy infants the actions of suckle, swallow and respiration are discrete yet finely
timed and sequenced. Suckle movements occur to propel fluid into the oral cavity be-
fore the swallow. Swallow-respiratory coordination is then instrumental in impeding
respiration. The pattern of bolus collection in the oral cavity, swallow, and apnoea
during the swallow is described fully in Chapter 4. The usual swallow-respiratory
pattern is one of inspiration-swallow-expiration (Bamford et al., 1992), although
Selley et al. (1990) have also reported that inspiration-expiration-swallow-expiration
is another common pattern. The primary form of nourishment in infants comes from
milk (breast or bottle), which is a thin liquid. It is fascinating that infants begin their
gustatory journey with thin fluids, rheologically the most difficult of bolus types to
control (see Chapter 3). It is imperative, then, that the suckle-swallow-breathe pat-
tern be finely executed (see Chapter 4). Note that with the breastfed infant, milk is
ejected from the alveoli to the nipple. This is different from bottlefeeding where the
milk passively flows from the teat. The breastfed infant requires significant coor-
dination during the early phase of feeding as there is a high flow rate of milk once
the letdown reflex (milk ejection reflex) has been activated. Swallowing must occur
immediately to clear the oral cavity in preparation for the next bolus being ejected
into the oral cavity.

THE NORMAL FEEDING PATTERN

The normal feeding pattern is characterized as follows. The infant will normally
commence with a rooting reflex to find a nipple or teat and then latch onto the nipple
or teat (see Table 2.2). Once the infant has latched on, nutritive suckling commences.
During nutritive suckling, fluid is obtained from the nipple or teat as a result of the
combination of (a) intraoral suction and (b) external pressure on the nipple or teat
by the closing mandible, which facilitates the flow of liquid into the oral cavity.
That is, something pushes the milk out of the nipple or teat (the jaw) and something
pulls the milk into the mouth (loosely, the tongue and oral cavity) (Wolf and Glass,
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1992). Jaw movement is a combination of forward and backward movements on top
of opening and closing actions (Selley et al., 1990). Peak milk flow and maximum
reduction in intraoral pressure occur as the jaw opens widely. Jaw closure occurs at
the time of swallowing. This coincides with both the apnoeic period and normaliza-
tion of intraoral pressure. Generation of intraoral pressure, which assists in bringing
the bolus into the oral cavity, occurs because the oral system is ‘closed’. It is closed
anteriorly with the lips sealing around the teat, and posteriorly by the tongue rising
up posteriorly and meeting with the soft palate. The reduction in intraoral pressure is
then mediated by the sucking action which will bring the bolus into the oral cavity.
The intraoral pressure is quite strong. In breastfeeding it is necessary to break the
seal (e.g. by placing the little finger into the corner of the infant’s mouth) to release
the pressure and detach the infant from the nipple.

The bolus collects between the tongue and hard and soft palates. It collects onto
a depression in the tongue. When the posterior part of the tongue is depressed, the
buccal mucosa moves inwards and then outwards during the compression phase.
The buccal mucosa is supported by the buccinator muscles and fat pads (Arvedson
and Brodsky, 2002). The ‘fat pads’ or ‘sucking pads’ provide the rounded profile
of the infant’s cheeks and offer stability to the otherwise unstable mandible (Wolf
and Glass, 1992). The soft palate, in conjunction with the most posterior part of
the tongue, forms a seal to contain the bolus within the oral cavity until such time
as the infant is ready to swallow. Logan and Bosma (1967) reported that the bolus
may be contained between the posterior part of the tongue and the soft palate, but
also collected as far down as the epiglottis in young infants. There is a rolling front-
to-backwards direction of the tongue against the palate. The bolus then enters the
pharynx. It is prevented from entering the nasal cavity by upward and backward
displacement of the soft palate and the superior pharyngeal constrictor muscles
moving towards each other in a squeezing motion. The tongue continues its back-
ward motion making contact with the soft palate and then the posterior pharyngeal
wall. The pharyngeal muscles (middle and inferior constrictors) also sequentially
move towards each other behind the bolus and encourage the bolus’s advancing
movement towards the cricopharyngeus. As with the adult swallow, the cricopha-
ryngeus is assisted in opening by anterior and superior movement of the hyoid and
larynx complex. With the initiation of the swallow, respiration ceases (Logan and
Bosma, 1967). Protection of the airway is afforded by elevation of the larynx under
the base of the tongue, and anterior movement of the arytenoids towards the base of
the epiglottis. Previous researchers have reported that the epiglottis closes over the
laryngeal opening to afford additional protection, as is the case for the adult swal-
low (Logan and Bosma, 1967; Wolf and Glass, 1992). However, Rommel (2002)
reported, that infants and children do not show a consistent pattern of epiglottic
tilting until 5 years, 9 months of age. This is an interesting finding. Rommel (2002)
also found that infants have significantly less epiglottic titling than children over
one year of age. It may be that the anterior movement of the arytenoids in this very
small laryngeal space is generally sufficient to protect the airway. It may also be
that titling of the epiglottis is in fact a maturational factor that progresses with
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growth of the pharyngeal structures and vertical growth of the laryngopharyngeal
region (Rommel, 2002).

The suck-swallow-breathe pattern in healthy infants should be well coordinated.
Generally the suck and swallow pattern should occur in a 1:1 ratio. Infants will suck
and swallow in that 1:1 sequence anywhere between 10 and 30 times before they
take a breath and then continue feeding (Arvedson and Brodsky, 2002). Bamford et
al. (1992) report, however, that breath-to-breath intervals range from 1.3 s to 2.0 s
in infants (14 hours to 48 hours after birth). This shows that the usual suck:swallow:
breath ratios are closer to 1:1:1. Breathing rate during feeding is slower than it is be-
fore feeding commences, at least initially (i.e. in the initial 30 s of feeding) (Bamford
et al., 1992). The reduction in breathing rate in those initial seconds of the feed is
also accompanied by a faster, regular swallowing rhythm. Mild desaturation has
been noted to occur (85% to 90%), however full saturation was restored within a few
seconds in healthy infants (Bamford et al., 1992). Oxygen saturation is discussed in
detail in Chapter 7. Bamford et al. (1992) suggest that there is evidence for correla-
tions between unstable breathing patterns and inefficient feeding. It is essential that
the infant has the capacity to breathe nasally. After the bolus leaves the pharynx, air
flows in through the nose and the next suck-swallow-breathe cycle commences.

There are also some subtle differences in the sucking and swallowing of breast-
fed infants. As noted above, the ‘letdown’ reflex causes milk to be ejected from the
nipple. Sucking stimulates the ‘letdown’ reflex (see Chapter 15). Consequently there
is a high sucking rate until the ‘letdown’ reflex is activated. The sucking rate then
slows as the ejected milk is being swallowed. The sucking rate increases again as
the milk flow diminishes towards the end of the feed. The same pattern in repeated
when the infant takes the second breast (Wolf and Glass, 1992). Bottle-fed infants do
not experience this pattern as the milk flows passively or by gravity from the bottle.

NUTRITIVE AND NON-NUTRITIVE SUCKING

Nutritive sucking (i.e. sucking giving nutrition) involves the liquid bolus being de-
livered to the oral cavity. Non-nutritive sucking involves rhythmic movements on
a nipple or teat where there is no feeding possible (i.e. a dummy or pacifier). Non-
nutritive suckling is characterized by rapid sucks at irregular intervals of varying
length. The respiratory pattern also changes depending on whether nutritive or
non-nutritive sucking is employed. During non-nutritive sucking, the breathing pat-
tern switches to alternating inspiration and exhalation. There is no apnoeic period
and the breathing and sucking systems appear to function independently (Selley
et al., 1990). During nutritive sucking there is an apnoeic period during the swal-
low. The swallow-respiratory pattern is either inspiration-swallow-exhalation or
inspiration-exhalation-swallow-exhalation.

Even jaw movements and intraoral pressure change depending on whether the
infant is engaging in nutritive or non-nutritive sucking. During nutritive sucking,
when the jaw moves there is a drop in intra-oral pressure. This pattern is not found
during non-nutritive sucking.
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Suck versus suckle

Sucking and suckling are in fact two different things, with the latter being the pre-
cursor to sucking. Suckling is an early pattern of development and is characterized
by an extension-retraction pattern of the tongue, with only loose approximation of
the lips (Walter, 1994). When watching the infant suckle, we may notice the tongue
moves rhythmically in and out of the mouth just fractionally over the lips, which are
parted only enough to gently sandwich the tongue between them. The backward and
forward action of the tongue is combined with a pronounced opening and closing
of the jaw. The backwards phase of tongue motion is more pronounced than the for-
ward phase (Arvedson and Brodsky, 2002). This suckling pattern allows the infant
to draw liquid into the mouth. The true ‘suck pattern’ involves a stronger pressure of
the lips. In addition, the lips, tongue, jaw and hyoid move in synchrony, alternating
in the direction of movement to more effectively draw the liquid into the mouth. The
intrinsic muscles of the tongue allow it to be raised and lowered. Note the difference
between this up-down tongue movement and the previous backward-forward move-
ment used in suckling. The greater vertical movements of the tongue allow smaller
vertical movement of the jaw. A mixture of suckling and sucking are used until the
infant is roughly 6 months of age. At this stage the suck pattern is the more dominant
pattern. This is most likely because the tongue has a greater ability to use the up-
down motion effectively because of the elongation and forward growth of the face
and oral cavity. Arvedson and Brodsky (2002) note that the transition from suckling
to sucking is an important developmental step to allow the infant to manipulate thick
fluids and soft foods that are spoonfed. In these cases, good lip closure is important
as is more finely mastered tongue movement.

FEEDING AND COMMUNICATION

Selley et al. (1990) provided a compelling argument for looking at successful feed-
ing as something of a predictor for normal communication. The authors stated that
normal feeding and speech both depend on several common factors:

 rhythm;

¢ breath control,

« lip tone;

« finely coordinated tongue movements;

* speed of muscle movements; and

» well developed sensory feedback systems.

In swallowing, the muscles of the lips, tongues and cheeks should become coordi-
nated. If they fail to become coordinated it is conceivable that difficulties in speech
might follow as the muscles employed during the oral phase of the swallow are also
employed for speech. Arvedson and Brodsky (2002) concur that the ability to ma-
nipulate the various textures of food during transitional feeding are common with
parallel gains in speech development, and trunk, head and neck stability.
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Transitional feeding

“Transitional feeding is the term used to describe the intermediary steps from suck-
ing to chewing, and encompasses the process of taking purees from a spoon’ (Walter,
1994: 32). Healthy normal infants can begin taking solids (i.e. foodstuffs other than
breast milk or formulae) between 4 and 6 months of age. At this stage smooth, pu-
reed fruits, vegetables and rice cereals are usually introduced. In these early stages
of transitional feeding, the infant may cough, splutter and spit food out. Remember
that the texture has changed significantly and infants cannot suck and swallow as
they have done previously, although they will certainly try this to begin with! They
have to learn how to use the lingual and buccal muscles to cope with this new food.
Between 6 and 9 months ‘chunky’ purees are introduced, allowing the infants to
begin to explore texture. This is important for desensitizing the gag reflex. Meat,
chicken, fish and finger foods are usually added to the diet at around this stage. This
is also the time when the deciduous or baby teeth are beginning to erupt.

Interestingly, the eruption of teeth appears to have more of a role in providing
sensory information to the brain than the motor pattern that adults use to break food
down. It is possible for example, for infants who have late eruption of their decidu-
ous teeth to ‘chew’ quite effectively using the gums in the molar region (Arvedson
and Brodsky, 2002). Chewing at this stage is usually referred to as ‘munching’ to
differentiate it from the adult pattern of rotary movements of the jaw in combination
with a grinding action of the teeth. The sucking pads that were important to effec-
tive suckling and sucking are also gradually absorbed during this transitional feed-
ing time. At 9 to 12 months of age chopped food and finger food are introduced. At
this stage cheese, yoghurt and cow’s milk are also added to supplement the infant’s
breast milk or formulae intake. After the child’s first birthday, the child is usually
ready to enjoy soft foods and food that requires chewing. The child also progresses
to independent cup drinking and utensil use. This is further discussed in terms of
therapeutic intervention in the child with dysphagia in Chapters 13 and 15. Details
regarding spoonfeeding and cup drinking can also be found in Chapter 13.

With the introduction of pureed food, the infant uses the tongue to mash the food
against the palate. As the infant’s oral cavity grows there is more space in the oral
cavity (due to descent of the jaw and recession of the buccal fat pads). This allows
the food to be moved by the tongue towards the gums where the up-down munching
pattern allows the infant to mash the food. Somewhere between 3 and 6 years of age
infants develop the adult coordination of vertical and lateral movements of the jaw
to allow effective mastication of food. Table 2.3 provides a feeding progression table
for summary purposes.

The swallowing mechanism remains reasonably stable (barring assault or injury)
for many years after this stage. At approximately 45 years of age nature changes the
anatomical system that we work with and the physiology of the swallow responds
accordingly. We see an increase in total swallowing time, and in fact changes to all
phases of the swallow that occur as a direct result of ageing. The section that follows
expands upon the anatomical and physiological changes that occur as individuals age.
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Table 2.3 Feeding progression table

Oral preparation and ‘oral

Age Food events’ Feeding utensil
Birth to 6 months Milk, liquids Suckling and then sucking.  Breast or bottle.
4 to 6 months Cereals, purees Initially sucking, then Spoon.

tongue to palate movement,
may eject food from spoon
involuntarily, gags on new

textures.
6 to 9 months Chunky puree, Emerging munching Spoon, drinking
mashed food, soft pattern, desensitization of from cup ~ 9 months.
finger foods gag reflex.

Lateralization of food to
gums. Deciduous teeth
erupting.
Coordinated lip, tongue,
jaw movements.
9 to 12 months Chopped food Licking food off lips, biting Spoon, cup. Self

and finger food of objects. finger feeding.
Controlled sustained Weaning from
bite on hard food (e.g. breast/bottle as cup
biscuit/cracker). drinking increases.
15 to 24 months ~ Full diet with Licks food from lips, Spoon, cup, fork.
some exclusionary increased maturity of adult  Self-feeding
items (e.g. nuts) rotary chew pattern, jaw predominates.

stability in cup drinking.
Independence in self-
feeding. Straw drinking.

Source: adapted from Walter (1994), Arvedson and Brodsky (2002).

THE AGEING SWALLOW

The pattern of adult chewing and swallowing is discussed in Chapter 1 and Chapter
3. As we age, the muscles and cartilages that we rely on for efficient swallowing also
age. The ageing process causes some changes to the physiology of the swallow. This
section will highlight the major changes one might expect of the ageing swallow. It is
imperative to have a good appreciation of the ageing swallow and to be aware of its
differences from the swallows of younger or middle-aged individuals so that ageing
is not mistaken for pathological function. It is important that we can differentiate
normal from abnormal function, particularly when there are certain diseases that
cause swallowing problems as these are also typically associated with older age (e.g.
stroke) (see also Chapter 9).

ANATOMICAL CHANGES THAT OCCUR WITH AGEING

The larynx grows until approximately 3 years of age, after which little growth
occurs until roughly 12 years of age, or the onset of puberty. The hyoid bone is
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the earliest to ossify and this begins at 2 years of age. At the time of puberty
the laryngeal cavity becomes bigger, the vocal folds lengthen and thicken and the
growth of the laminae of the thyroid cartilages become quite noticeable in males
as the ‘Adam’s apple’. By about 25 years of age the cartilages of the larynx (thyroid
and cricoid cartilages) begin to ossify, with the arytenoids beginning to ossify in
the late 30s (Aronson, 1985). By 65 years of age these laryngeal cartilages, with
the exception of the cuneiform and corniculate cartilages, are often visible on ra-
diographs due to their ossification (Aronson, 1985; Moore and Dalley, 1999). In
addition, there is atrophy of the intrinsic laryngeal muscles, dehydration of the
laryngeal mucosa, loss of elasticity of laryngeal ligaments, and flaccidity and bow-
ing of the vocal folds (Aronson, 1985).

Most obviously there are changes with tooth loss and the fitting of dentures that
are associated with ageing. These will affect the individual’s ability to prepare
adequately the bolus and will affect the types of boluses older individuals choose
to eat. There are also sensory changes that occur in the pharyngeal region with
increasing age. Aviv et al. (1994) found there to be a progressive reduction in sen-
sory capacity in the laryngopharyngeal region associated with increasing age. A
statistically significant reduction in sensory capacity was found between the 41 to
60 year age group and the 61 to 90 year age group. This is further supported by
histology and morphology findings that as individuals age, there is a reduction in
the number of small myelinated fibres of the superior laryngeal nerve. These fibres
are thought to be sensory in nature and may account for a reduction in the ability to
perceive sensation in the area the superior laryngeal nerve supplies. These findings
have implications for the ability to detect and clear residue post-swallow in older
individuals. The reduction in hypopharyngeal sensation associated with ageing may
contribute to aspiration in older individuals. Indeed, Donner and Jones (1991) report
that the surface epithelium of the larynx appears to be less sensitive to aspirated
material as individual’s age. It was reported that the threshold for coughing on an
aspirated chemical irritant was six times higher in individuals in their eighties and
nineties, when compared to individuals in their twenties (Donner and Jones, 1991).

Some of the age-related changes to swallowing may be accounted for by tissue
and muscle laxity (Donner and Jones, 1991). Ageing of the suspensory muscles of
the larynx causes a lack of maximum vertical excursion of the hyolaryngeal com-
plex. Reduced hyolaryngeal elevation causes the larynx to be insufficiently pro-
tected during swallowing, and may allow penetration of the bolus into the larynx.
Older people require more time to move the hyoid to its maximal anterior position
(Sonies et al., 1988). Tissue laxity also causes the tongue and hyoid to be anatomi-
cally positioned lower. The lower position provides the opportunity for liquids to
leak into the pharynx prior to swallow reflex initiation. In the majority of cases,
the swallow reflex triggers in time to avoid penetration (Donner and Jones, 1991;
Robbins et al., 1992; Logemann et al., 2000). Even the epiglottis becomes less pli-
able with advancing age, likely due to a breakdown of elastic fibres (Donner and
Jones, 1991).

Changes in the oesophagus are also reported to be associated with ageing.
Gastroesophageal reflux, compression of the oesophagus by ‘a tortuous thoracic
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aorta’, and mechanical obstruction of the oesophagus due to skeletal changes
(hyperostosis) of the cervical vertebrae (e.g. cervical osteophytes) may all contrib-
ute to dysphagia in the elderly (Donner and Jones, 1991). A reduction in oesophageal
tone may result in air filling the aged oesophagus, resulting in oesophageal dilation
(Donner and Jones, 1991).

Physiological changes that occur with ageing

Several investigators have studied what effect ageing has on the timing of events
in the normal oropharyngeal swallow. Studies that have investigated the effect of
age on the physiology of swallowing have been reasonably consistent in separating
individuals into ‘young’, ‘middle aged’, and ‘old’ groups. For argument’s sake, the
consensus appears to be as follows: individuals aged 18—40 years are classified as
young; 40—60 years are classified as middle aged, and persons over the age of 60
years are classified as old. This generic classification is the ‘best fit” for the current
literature, and consistency of terminology.

The current literature is in agreement that individuals over the age of 65, swal-
low more slowly than people under the age of 45 (Sonies et al., 1988; Tracy et al.,
1989; Robbins et al., 1992; Logemann et al., 2000). Tracy et al. (1989) explain that
when young people swallow, the oral and pharyngeal phases of the swallow are
closely linked, to the point of overlap. With advancing age, the coupling of these
two phases is weakened. Robbins et al. (1992) reported that swallowing begins
to slow gradually some time after 45 years of age. By 70 years, swallowing was
significantly slower than it was at age 45. In addition to the anatomical changes
outlined above, an alternative reason for uncoupling of the oral and pharyngeal
phases may relate to slowing of neural processing time with ageing (Rademaker
et al., 1998). The way in which ageing affects each phase of the swallow is elabo-
rated below.

Anticipatory phase

There is a reduction in the sense of smell and taste with age. This is because there
is a loss of olfactory neurosensory cells in the olfactory epithelium that occurs with
ageing (Moore and Dalley, 1999). In order to taste food, however, we rely on a sense
of smell. Some older people will complain that food is tasteless. This is because
the flavour of food depends on a normal olfactory (smell) system. Interestingly it is
possible to have unilateral and bilateral loss of the sense of smell. Injury to the nasal
mucosa, olfactory nerve fibres, olfactory bulb and olfactory tract may also impair
the sense of smell (Moore and Dalley, 1999). In individuals who complain of a loss
or alteration of taste, clinical studies often reveal that the perception of taste is not
altered but the problem is with the olfactory system (Moore and Dalley, 1999). A re-
duction in the amount of saliva output has also been associated with ageing (Donner
and Jones, 1991). A reduction in the pleasure of eating and drinking will probably
have a detrimental effect on nutritional input.
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Oral phase

Chewing itself does not change with age. Poor dentition or poorly fitting dentures
may mean that an increased number of chewing strokes is needed to masticate the
bolus safely. Moreover, there is an increase in connective tissue in the tongue and
a decrease in masticatory strength (Jaredah, 1994). Consequently, there is a longer
oral phase duration in older individuals. Sonies et al. (1988) found that the oral phase
of swallowing increases with advancing age. In addition to an increased number of
chewing strokes, the longer oral phase may also be accounted for by Caruso and
Max’s (1997) finding that older persons use multiple lingual movements to form a
bolus. In addition, non-swallowing lingual pressure is reported to be significantly
greater in younger individuals than older individuals in all directions of movement
(i.e. elevation, depression, side-to-side and protrusion (Shaker and Lang, 1994). If
the tongue pressure is reduced in the elderly for non-swallowing acts, the assumption
is made that it is similarly reduced during the act of swallowing.

There is also a small increase in the amount and extent of post-swallow oral
residue in individuals over the age of 60 years (Tracy et al., 1989; Robbins et al.,
1992). Rademaker et al. (1998) found that oral residue increased from values of
approximately 10% in younger women to values of approximately 30% in very old
women (80+ years of age). When the tongue driving force is reduced, as it is in some
elderly, this has the effect of increasing the likelihood of retention of the bolus in the
valleculae (Dejaeger et al., 1997). Effortful swallowing (see Chapter 11) or squeez-
ing the bolus forcefully with the tongue reduces valleculae residue. Lower peak suc-
tion pressure during straw drinking has also been implicated as an effect of ageing
(Rademaker et al., 1998).

Pharyngeal phase

There is a mild delay in triggering the swallow reflex, which is considered to be
normal for the ageing swallow (Tracy et al., 1989).

Tracy et al. (1989) also found that two other pharyngeal variables that were af-
fected by age. These were:

« shorter pharyngeal swallow response time (time from onset of laryngeal excursion
until the bolus tail passes through the UES); and
« shorter cricopharyngeal opening durations.

Interestingly, Rademaker et al. (1998) found that UES opening time and velopha-
ryngeal closure time increased with age. Pharyngeal transit time is longer in older
women than in younger women (Rademaker et al., 1998). Tongue base movement
also diminishes with age in older women (Logemann et al., 2002). Pharyngeal
contraction is variously reported to be, unaffected by age (Shaker and Lang, 1994)
slowed with age (Jaradeh, 1994) or reduced with age (Dejaeger et al., 1997). Interest-
ingly, Perlman et al. (1993) found that the duration of the pharyngeal pressure wave
was longer in elderly persons. This is further supported by Shaker et al. (2003) who
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suggested that higher pharyngeal amplitudes compensate for the reduction in UES
opening in the elderly. This may be a compensatory technique that the ageing body
employs to assist efficient transport of the bolus into the oesophagus to overcome the
reduction in UES opening that accompanies old age.

Donner and Jones (1991) noted an increase in pharyngeal residue in older sub-
jects. Rademaker et al. (1998) also noted that the percentage of pharyngeal residue
post swallow increased as a function of age from 18% in young women to 38% in
women over the age of 40 years. An increase in the amount and extent of pharyngeal
residue post swallow has also been reported to occur with ageing (Robbins et al.,
1992; Tracy et al., 1989). It should not be surprising, then, to find then that there is
also an increased rate of second (bolus free) swallows in older individuals. That is, it
is normal for older individuals to employ a second ‘clearing swallow’ to cleanse the
oral and pharyngeal cavities of residue, after their primary swallow of a spoonful
of food or a mouthful of fluid. Note, however, that the limited retention of material
in the valleculae or pyriform sinuses is not accompanied by aspiration. Retention of
material in the pyriform sinuses or diffuse retention in the pharynx (valleculae +
pyriform sinuses) is associated with inadequate pharyngeal shortening during the
swallow (Dejaeger et al., 1997). Pharyngeal shortening is largely attributed to stylo-
pharyngeal muscle contraction and is implicated in effectively opening the UES.

The duration of laryngeal closure and the duration of laryngeal elevation hits a
peak between 60-79 years of age in healthy women, then tends to decrease in the
80+ years group (Rademaker et al., 1998). That these functions remain quite stable
until the eighties is testament to their importance and resilience in protecting the
airway. Note also, that a larger volume of water is required to trigger glottic closure
and trigger a reflexive pharyngeal swallow in the elderly as compared with younger
individuals. The threshold for triggering both glottic closure and reflexive pharyn-
geal swallow was 0.34ml (£0.06 ml) in the elderly and 0.16 ml (£0.02ml) in young
individuals. These are suggestive of sensory changes in the larynx and pharynx that
occur with age (Shaker et al., 2003).

As age increases, there is an increase in penetration of material into the vestibule
but not an increase in aspiration (Robbins et al., 1992; Tracy et al., 1989). That is, the
material may enter the laryngeal vestibule to the area above the vocal cords more of-
ten in an older swallow but does not pass below the level of the cords. Robbins et al.
(1992) found that laryngeal penetration occurred more frequently in the 65- and over
70-year groups, than the 25- and 45-year groups. Sonies et al. (1988) reported that
80% of older persons exhibit multiple hyoid gestures during swallowing. In contrast,
only 64% of middle-aged persons showed multiple hyoid gestures, and few, if any
young subjects exhibit double or triple motions. Nilsson et al. (1996) noted that 74%
of the elderly needed more than one swallow to clear a bolus.

Older men are noted to elevate the larynx just enough to open the UES and no
more. Younger men, on the other hand, continue laryngeal elevation beyond when
the UES has opened (Logemann et al., 2000). Logemann et al. (2000) contest that
older men do not exhibit any ‘reserve’ hyolaryngeal function. They are able to
use their muscles to achieve precisely what had to be achieved and no more. This
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phenomenon is peculiar to men only (Logemann et al., 2002). Individuals without
reserve will come unstuck if something, for example illness, upsets their ability to
use the system effectively. The lethargy that often accompanies illness in the older
person may be sufficient to reduce their ability to move the hyolaryngeal system
sufficiently out of the way of the incoming bolus. Hence for the period of illness the
older person may potentially be at risk of transient penetration/aspiration. Note that
any illness may be sufficient to cause this effect, not just those that affect the head
and neck region.

Oesophageal phase

Oesophageal transit and clearance are slower and less efficient in the ageing indi-
vidual. Older individuals have lower amounts of subatmospheric pressure preceding
UES opening. This shows a reduced compliance or reduced resting pressure of the
UES in the elderly (Dejaeger et al., 1997). Non-propulsive, repetitive contractions
are commonly seen in the elderly (tertiary contractions). The following abnormal
findings are also often reported for older individuals: delays in oesophageal empty-
ing and dilatation of the oesophagus (Shaker and Lang, 1994). Although the dura-
tion and velocity of the oesophageal peristaltic wave are similar between young and
older individuals, the amplitude of the pressure wave is reportedly reduced in older
men (over 80 years) (Shaker and Lang, 1994).

Other changes

There is a deficit in the perception of thirst and in the regulation of fluid intake in
healthy elderly men. After a period of 24 hours without fluids, elderly men showed a
lack of thirst and discomfort. In addition, in a study where water was freely available
after a 24-hour fluid deprivation trial older men did not drink enough fluid to dilute
their plasma to pre-deprivation levels (Phillips et al., 1984). These are important
factors in the development of dehydration in the elderly. Fluid intake is the only way
to replace lost body water and if the body does not ‘feel thirsty’ it will not replenish
the body with water efficiently. There is some suggestion that a reduction in thirst
may be due to cerebral cortical dysfunction or ‘reduced physiologic sensitivity
to osmotic or volume stimuli’ (Phillips et al., 1984: 758). This study highlights a
potential predisposition to dehydration in elderly men.

The changes that occur with ageing can, therefore, be seen to affect the total
swallowing continuum from the drive for thirst, through the oral, pharyngeal and
oesophageal phases of swallowing. The major changes are provided in Table 2.4 for
easy reference. While there are anatomical and physical changes that occur with
normal ageing, the clinician should also be aware of two things. Firstly, plastic abili-
ties of the elderly nervous system do not appear to be reduced with age. Thus, even
though there is general cerebral atrophy, loss of neurones and a reduction in the
ability to synthesize neurotransmitters, the aged brain still has the capacity to form
and strengthen synapses among neurones (Caruso and Max, 1997). This fact has
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Table 2.4 Effects of ageing on swallowing function: normal variables

Phase of swallow Normative change with ageing

Anticipatory { sense of smell
{ sense of taste
 perception of thirst (men)
{ regulation of fluid intake (men)
Oral T number of chewing strokes
T time to complete oral phase
T retention post swallow
{ tongue driving force (necessary to propel the bolus into the
oropharynx)
{ suction pressure during straw drinking
Pharyngeal Delay in triggering the swallowing reflex
T pharyngeal transit time (women); possibly higher pharyngeal
contraction amplitudes
T pharyngeal residue post-swallow
T penetration no increase in aspiration
more than one swallow needed to clear the bolus
{ laryngeal excursion reserve (men)
{ laryngeal and pharyngeal sensation
Oesophageal | oesophageal transit speed
oesophgeal clearance efficiency
1 amplitude of the oesophageal pressure wave, but no change to
duration (time) and velocity (speed) of the pressure wave.

implications for rehabilitation of swallowing function (see Chapter 12). Secondly,
research shows that there are some microscopic changes associated with ‘patho-
logical ageing’ that are also seen in normal ageing (for example, senile plaques and
neurfibrillary tangles). Some of the differences between normal and pathological
ageing appear to be in the number and degree of changes rather than the actual kind
of change per se.

It is also impossible to look at ageing in isolation. There are many medical prob-
lems common in the elderly and these may be more profound on the background of an
ageing swallowing system. Kendall et al. (2004) found that elderly individuals who
presented with medical problems were more likely to be associated with delays in
pharyngeal transit of the bolus. In particular, individuals with hypertension had sta-
tistically significant pharyngeal stage delays associated with swallowing a 1 ml bolus.
Note, the same effect was not found for a 20ml bolus, however. A 20ml bolus most
closely equates with a ‘mouthful’ of a liquid bolus, whereas a 1 ml bolus more closely
approximates a small saliva bolus. The difference between the two bolus sizes is im-
portant and its clinical implications are discussed more fully in Chapter 4. Kendall
et al. (2004) also suggest that the medications used to treat medical conditions found
in the aged population (e.g. treatments for Parkinson’s disease, hypertension and dia-
betes) may also contribute to a change in swallowing function due to medication side
effects. The effect of medication on swallowing is discussed further in Chapter 9.
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SUMMARY

This chapter emphasized that swallowing is not a static function. It changes quite
rapidly in the infant and child, and then again as individuals age. The clinician
needs to be aware of the various changes that occur with maturation and ageing to
ensure that normal swallowing anatomy and physiology are differentiated accurately
from pathology. Normal variations are exactly that, normal. Clinicians must be able
to discriminate normal from pathological function. Where pathology truly exists,
treatment should be aimed at the cause rather than the symptoms.
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3 Variations of the Normal Swallow

JULIE CICHERO and PETER HALLEY

It is very easy to take the act of swallowing for granted. It is just as easy to take the
assessment of swallowing for granted and to keep doing what has always been done.
We are rapidly discovering that we need to look critically at what we do. It is common
sense in the typical dysphagia examination that we investigate how the individual
handles food and liquids. We are, after all, trying to establish which types of foods and
liquids can be managed safely by oral means. However, it is not necessarily as straight-
forward as that. The physiology of the normal swallow adjusts itself and its parameters
depending on what we are swallowing (e.g. texture, size, taste, and temperature). Even
for liquids, recent research has shown that a single swallow from a cup produces a pat-
terned physiological response different from that of continuous cup drinking, and this
is different again from drinking continuously through a straw. In assuming that it is all
the same we run the risk of mistaking normal variation for pathological function. This
chapter will provide a description of how the normal swallowing physiology changes
as a direct result of what is being swallowed and the method of administration.

Thickened fluids have been an increasing area of interest in the literature. They
are provided to dysphagic individuals for therapeutic reasons because they are cohe-
sive and they move more slowly than regular thin fluids. These properties help to pro-
tect a swallowing system that may be delayed in its response to an incoming bolus or
impaired in its ability to manage the bolus. ‘Thickness’ or ‘thinness’ of fluids, which
collectively fall under the heading of viscosity, is not a straightforward property.

The latter portion of this chapter is devoted to an explanation of viscosity and its
parent areas of rheology and material characterization. These factors affect bed-
side assessment, radiological assessment of swallowing and ongoing treatment of the
person with dysphagia. Finally, the chapter concludes with information supplied by
the chemosenses — that of taste and olfaction and even our use of pain receptors to
enhance swallowing sensation. These variables are also important in changing the
normal parameters of swallowing.

BOLUS VOLUME

Bolus volume critically affects the timing of the physiological events of the normal
swallow (Dantas et al., 1990; Kahrilas and Logemann, 1993; Lazarus et al., 1993;
Bisch et al., 1994). The oral and pharyngeal cavities change their configuration in
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order to accommodate boluses of different volumes. For example, with a large bolus
the position of the hyoid bone before the swallow starts tends to be lower. Wintzen
et al. (1994) suggested that this is probably to create more space in the oral cavity
by lowering the floor of the mouth. Not surprisingly, there are a variety of tongue
movement patterns that are associated with changes to bolus volume (Kahrilas and
Logemann, 1993). Moreover, the relationship between swallowing and breathing is
altered when an individual swallows a large sized bolus. The critical relationship be-
tween swallowing and respiration is detailed fully in Chapter 4. Table 3.1 provides a
summary of the physiological features associated with an increase in bolus volume.

Table 3.1 Changes to the timing of events when swallowing boluses of differing volumes

Physiological changes evident as bolus
volume increases

Factors that remain the same regardless of
changes in bolus volume

Oral phase Oral phase

* Longer period of velopharyngeal closure

(Kabhrilas et al., 1993).

Greater magnitude of anterior tongue
movement (Dantas et al., 1990).
Increased depression of central groove of
tongue (Kabhrilas et al., 1996).

Obvious posterior movement of dorsal
region of tongue (Tasko et al., 2002).
Increased maximum speed of tongue
movement (Tasko et al., 2002).

Increased vigour of bolus expulsion and
propulsion time (Kahrilas and Logemann,
1993; Perlman, 1993).

Lower position of hyoid prior to swallow
initiation (Wintzen et al., 1994).

Greater anterior movement of the
hyolaryngeal complex (Dodds et al., 1988;
Dantas et al., 1990).

Pharyngeal phase

Increased bolus velocity (i.e. Sml bolus
travels at 15cm/s, a 20ml bolus travels at
50cm/s) (Logemann, 1998).

Increased arytenoid elevation with
pharyngeal shortening (Kahrilas et al.,
1996).

Oesophageal phase

UES remains open for longer period of
time (Dantas et al., 1990; Logemann et
al., 2000).

Swallow-respiratory coordination

* Increased apneoic period with larger bolus

Increase in laryngeal closure time
(Preiksaitis et al., 1992).

volumes (Hiss et al., 2001).

e Timing and duration of muscular activity
in submental region not affected by
increased bolus volume (Dantas and
Dodds, 1990) but others find submental
muscles are affected by increased bolus
volume (Jacob et al., 1988; Ertekin et al.,
1997).

» No increase in tongue force with a larger
volume bolus (Kahrilas et al., 1996).

Pharyngeal phase

e Pharyngeal clearance times remain

roughly the same regardless of volume
(Tracy et al., 1989).

UES = upper oesophageal sphincter.
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The features listed in Table 3.1 show that the oral and pharyngeal parts of the
swallowing system change to accommodate boluses of different volumes. The
changes made by the body are entirely logical. Ergun et al. (1993) found that the
changes made to positioning of the structures of the oropharynx enlarge the pha-
ryngeal chamber to be approximately, but not quite double its pre-swallow volume
(pre-swallow volume 15 ml versus 24 ml during tongue loading). To place something
large in the pharynx (the biological time-share space for swallowing and breath-
ing), it is important that the respiratory system is protected early. If the respiratory
system is not closed sufficiently prior to arrival of the bolus, the individual is at
greater risk of liquid penetrating the larynx or even being aspirated. Hence the early
closure of the larynx and increased period of laryngeal closure. The larynx also lifts
higher and moves more anteriorly, under the base of the tongue, when a large bolus
is swallowed. The larynx is physically moved further out of the way of a large bolus
in a mechanical attempt to protect it (Logemann, 1988; Lang and Shaker, 1994).
To drain the material quickly it is important it has somewhere to go. For this rea-
son the upper oesophageal sphincter (UES) remains open longer and the soft palate
closes the velopharyngeal port for longer than usual, guarding against possible nasal
regurgitation.

Notice the changes to the tongue that occur. Greater tongue loading, increased
depression of the central groove of the tongue, increased anterior movement and
increased propulsion time are all associated with swallowing a large bolus volume.
This setup is designed to give the large bolus a big push, giving it momentum, which
will increase its speed through the pharynx. Consider a swimming analogy. If an
individual were to swim across a river, the use of flippers would assist in getting to
the other side faster and with less effort. The current in the river remains the same
but we can swim faster using another means (i.e. the flippers). Similarly, the pharyn-
geal clearance times remain the same (i.e. the current) but the tongue changes the
driving pressure to instigate movement (i.e. flippers). It is not surprising then that a
large bolus moves faster than a small bolus (Ekberg et al., 1988; Jacob et al., 1989).
In numerical terms, a large bolus moves at 50cm/s through the pharynx, where a
small bolus moves at 15 cm/s (Kahrilas and Logemann, 1993). Robbins et al. (1992)
proposed that sensory (afferent) information about bolus volume is collected in the
oral phase of the swallow before the swallow reflex is initiated. This information is
then relayed to the nucleus of the tractus solitarius and then onto the nucleus ambigu-
ous which designs or constructs a suitable ‘swallowing programme’ for the volume
being swallowed.

Kabhrilas (1993) provides an excellent illustration of how changing the bolus vol-
ume affects the timing of swallowing events. Imagine a large bolus of say 20ml
(about a metric tablespoon). When this volume is swallowed, tongue loading, velo-
pharyngeal closure and UES opening start earlier and last for longer. The larynx also
closes sooner and stays closed longer for a large volume bolus than a small volume
bolus. When only 1ml is swallowed, pharyngeal clearance commences before the
laryngeal vestibule is closed. Volume is critical. The threat to the pulmonary system
posed by 1 ml as opposed to 20ml is negligible. Similarly if the pharynx is viewed
abstractly like a drain, the UES presents as the ‘plug hole’. It is obviously better if
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the plughole is open for a long time if there is a large volume coming through. Close
it too soon and the residue is trapped. Physiologically the same is true. The UES
is open for approximately one-third of the time it takes to swallow a 1 ml bolus,
whereas it is open for approximately 75% of the time it takes to swallow a 20ml
bolus (Logemann, 1988).

AVERAGE VOLUME OF A MOUTHFUL

The average volume of a single mouthful is 21 ml for adults (Adnerhill et al., 1989).
There are some gender differences with males taking a larger average mouthful
(25ml) than females (20ml) (Adnerhill et al., 1989). Lawless et al. (2003) reported
that gender differences may in fact be due to differences in body size. That is, if
men and women were approximately the same height and weight, would they take
similar mouthful volumes? Their results indicated that mean sip size was signifi-
cantly correlated with height. Further research is required to better understand the
gender versus body size differences associated with sip or mouthful size. Note also
that the higher the temperature of the fluid, the smaller the volume that is consumed,
reducing to Sml to 15ml (Longman and Pearson, 1987). Minimal research has been
carried out regarding quantification of mouthful volumes for children. Selley et al.
(1990) reported that the average volume an infant consumes while feeding is 0.2 ml
(£0.11ml). Jones et al. (1961), while trying to determine average mouthfuls to treat
accidental poisonings more effectively, found that young children (1;3 to 3;6) swal-
low an average 4.5ml (£1.9ml) per mouthful. Note that the subject numbers were
very small, however. Further research is required to accurately quantify average
mouthful volumes in infants and children.

CLINICAL INFERENCES

We know that the swallowing system adjusts depending on the volume being swal-
lowed. In all cases of swallowing, the successful switching of the oropharynx from
respiratory and speech mode to swallowing mode is critical. A change in bolus vol-
ume requires the system to stay in the ‘safe’ position for differing amounts of time.
If the normal healthy system can cope with ease with this manipulation, what can we
learn clinically from manipulating bolus volume? Kahrilas and Logemann (1993)
suggested that a large bolus (20 ml) stresses the lingual musculature and its ability to
control a bolus. It also provides the clinician with information about how the person
copes with a ‘normal mouthful’ of fluid. There is little benefit to examining only 3 ml
to Sml of liquid swallows during a radiographic study if, after the procedure, the
individual continues to take mouthfuls (i.e. 20ml volumes) of fluid. Small boluses
on the other hand, test the competence of pharyngeal clearance and whether the
larynx closes well enough, at the right time and for the right length of time (Kahrilas
and Logemann, 1993). Bear in mind also that a small bolus is not as heavy on the
tongue as a larger bolus, robbing the sensory receptors of its presence where sensory
function has been disturbed. In this scenario are we testing a system that would
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never cope with a small volume because it cannot detect its presence and programme
a response? The outcome? The patient continually aspirates small volumes and is
never tested on larger volumes for fear of massive aspiration. For these reasons it is
important to study both large-volume and small-volume boluses in individuals with
dysphagia. It is also imperative to be as informed as possible of the patient’s present-
ing symptoms (e.g. reduced oral sensation) and what you are hoping to discover from
your assessment.

Palmer et al. (1999) also provide a very valid argument for using each person as his
or her own control. As noted above, Adnerhill et al. (1989) indicated that an average
mouthful is about 20ml. They also noted a large degree of variability ranging from
15ml to 30ml per mouthful. This variability shows us that what one individual may
consider a large mouthful may be an average or even smallish mouthful for another
individual. Palmer et al. (1999) use this theory to explain why the studies looking at
degree of submental muscle movement magically change in some studies of bolus vol-
ume, but not others. For clinical purposes they suggest that the people’s own averages
be used as their individual benchmark, with larger and smaller boluses adjusted from
the benchmark, rather than supplying standard amounts (e.g. 5, 10, 15, 20, 30ml).
Alternatively, the work of Lawless et al. (2003) showed that height is well correlated
with bolus volume and that studies that can determine average mouthfuls based on
height may be more useful to the clinician than the rigid use of standard incremental
amounts.

It was noted previously that, as bolus volume increases, healthy non-dysphagic
people will lower the hyoid in order to lower the floor of the mouth and create space
in the oral cavity for the larger bolus. This process does not, however, occur in in-
dividuals with Parkinson’s disease (Wintzen et al., 1994). If we look at a differ-
ent population, further details emerge about the way we deal with changes to bolus
volume in health and pathology. Lazarus et al. (1993) looked at stroke and non-
stroke subjects and their ability to accommodate changes in bolus volume. There
were some interesting similarities between the two groups. Both groups kept the
laryngeal region closed for longer as bolus volume increased. Both groups kept the
cricopharyngeal sphincter open for longer as the volume increased. Both groups also
reduced the length of time the tongue base contacted with the pharyngeal walls as
volume increased. However, pharyngeal delay time reduced in the stroke group but
not the healthy group with increased bolus volume. This is but one example of why
clinicians cannot assume that what happens in healthy individuals also happens in
dysphagic individuals.

In a paediatric example, children with cerebral palsy require more time to com-
plete drinking tasks than healthy children (Casas et al., 1994). Eating and drinking
places a considerable load on the ventilatory system of children with cerebral palsy.
As aresult, they take longer to recover their ventilation after the swallow. Casas et al.
(1994) investigated ability to manage Sml sips and continuous drinking of 75ml
volumes in healthy children and children with cerebral palsy. They concluded that
the 75 ml amount was sufficient to challenge ventilatory capacity of both the normal
and cerebral palsy children. Both groups inhaled immediately after completing the
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task, indicative of a depletion of ventilatory reserve with this task. In addition, they
concluded that the continuous cup-drinking activity placed too much stress on the
respiratory system of the cerebral palsy children and that sips from a 5ml volume
were handled more safely.

SINGLE BOLUS SWALLOWS

The normal pattern for individual bolus swallows has been discussed in detail in
Chapter 1. Indeed, most research investigates the single bolus swallow. The follow-
ing is included as a brief summary and reminder.

In general the bolus is propelled to the posterior of the oral cavity by the tongue
and the swallow reflex is initiated at roughly the anatomical landmark region ex-
tending from the faucial arches to the ramus of the mandible (if viewed radiologi-
cally). Velopharyngeal closure ensues and hyolaryngeal excursion occurs. Breathing
momentarily ceases and there is a multilayered physical barrier utilizing the ary-
tenoids and the true vocal folds, the epiglottis and aryepiglottic folds to protect the
laryngeal vestibule. The tongue, which during the oral phase has been preventing
posterior spillage by arching well back in the mouth (ski-slope style) to produce a
physical barrier to a wayward bolus, drops and forcefully pushes the bolus into the
pharynx, making contact with the medializing pharyngeal walls as it does so. The
pharynx initially shortens and then contracts to move the bolus expediently through
the pharynx. Movement from hyolaryngeal traction and excursion is instrumental in
opening the UES to allow the bolus to pass out of the pharynx and into the oesopha-
geal system. After a discrete swallow, the system returns to its resting position and
the airway re-opens, allowing the resumption of respiration.

For discrete liquid swallows there has been much interest in the anatomical place
where the swallow reflex is seen to be activated (i.e. onset of maximal hyoid and
laryngeal excursion). Daniels and Foundas (2001) reported that the location of the
bolus at the time of swallow reflex initiation provides us with the best clues to likeli-
hood of aspiration. This is detailed in the Table 3.2.

Is this pattern always the case though? Are there some instances where it is quite
acceptable for the bolus to present itself well into the pharynx before a swallow
reflex is initiated? In the elderly, it is accepted that the bolus passes the ramus of

Table 3.2 Location of the bolus at the time of swallow reflex initiation as a prediction
of risk of aspiration

Risk level for aspiration ~ Location of bolus at time of swallow reflex initiation

Low Head of the bolus is superior to the ramus of the mandible at the
onset of the pharyngeal swallow response.

Moderate Head of the bolus is between the ramus of the mandible and the
valleculae at the onset of the pharyngeal swallow response.

High The head of the bolus is inferior to the valleculae at the onset of

the pharyngeal swallow response.
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the mandible rather than the more historical faucial pillars. This is a normal varia-
tion. Clinicians need to be aware of normal variations to avoid misdiagnosing nor-
mal function as pathological. Generally speaking, however, we do not swallow one
mouthful at a time. It is important, then, to be aware of the effects of continuous
drinking and even drinking through a straw as these modes of ingestion have their
own idiosyncratic patterns.

Note also that cup size will have an effect on the mouthful amount taken by the
individual. Sip volumes increase by about 15% with incremental increases in cup
size (e.g. 150, 300, 600 ml cup capacity). Individuals’ sip size was 23.7ml when tak-
ing a mouthful from a 150 ml cup and 27.2 ml when taking a mouthful from a 600 ml
cup (Lawless et al., 2003).

SALIVA SWALLOWS

Saliva swallows represent possibly the smallest volume that we swallow. Saliva
swallows are approximately 1ml to 2ml. The properties of saliva are discussed
in Chapter 6. Dua et al. (1997) examined the effects of chewing coloured gum on
saliva swallowing. Chewing promotes saliva flow in preparation to ‘break down’
the bolus and assist digestion. Dua et al. (1997) found that chewing gum for 10
minutes produced approximately 117 saliva swallows. The saliva frequently en-
tered the pharynx and accumulated in the pyriform sinuses prior to a swallow
reflex being generated. The entry of saliva into the pharynx caused brief partial
adduction of the vocal cords. The adductions lasted approximately 0.85 s, and the
cords averaged just less than half their closure distance from the fully open state.
After the partial adduction, the cords then returned to the resting open state and
saliva continued to accumulate in the pharynx. A swallow reflex was eventually
generated, although the authors do not provide details of the time lapse for the
saliva swallows.

Shaker et al. (1994) found that approximately 1.12ml (£0.25) was the threshold
volume for triggering a swallow when water was directly perfused into the phar-
ynx in young individuals. The threshold volume in elderly individuals was noted to
be significantly greater at 1.85ml (+0.36). Variation in temperature did not affect
threshold volumes that initiated a swallow.

Clinical inferences

In regard to saliva swallows, the information above shows us that the body can toler-
ate accumulation of saliva within the pharyngeal region, without necessarily adduct-
ing the cords to protect the airway. With intact pharyngeal sensation, the body can
obviously tolerate a certain amount of saliva accumulation in the pharynx before a
swallow reflex is generated. It is likely that there is a ‘filling point” at which the accu-
mulated swallow triggers a message to the brain to initiate a swallow reflex and drain
the material as noted in the Shaker et al. (1994) study. Note also Shaker et al. (1994)
suggested that elderly individuals lack the ability to discriminate between rapid and
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slow fluid injection. This, in combination with a high threshold volume for initiating
a pharyngeal swallow, places them at higher risk for penetration and aspiration. In
individuals with dysphagia, the inability to cope with their secretions may be indica-
tive of impaired pharyngeal sensation. Consequently, they lose the ability to use a
dangerously full pyriform sinus to trigger the reflexive swallow.

Note also that saliva is important in reducing the unpleasant dry-mouth sensation
associated with thirst. Saliva production has been found to increase during drinking,
and this reduces the need to continue drinking to relieve mouth dryness (Brunstrom
et al., 2000). This physiological effect has important implications for individuals
who are wholly or predominantly tube fed. Less oral intake significantly reduces
saliva production that would ordinarily occur during swallowing at meals times and
may well contribute to the constant sensation of thirst in these individuals.

CONTINUOUS OR SEQUENTIAL CUP DRINKING

It is standard practice to examine people’s ability to swallow by asking them to
take ‘a mouthful’ or ‘a sip’ of fluid from a cup, or to provide them with a designated
amount to swallow (e.g. Sml, 10ml). Being mindful not to inadvertently drown the
dysphagic person, we are less inclined to give them the cup and instruct them to
drink the entire contents in one go. Yet in everyday situations people are more in-
clined to take a number of sequential swallows than drink the contents of a cup on a
sip-by-sip basis. To explore the ‘normalities’ of continuous cup drinking, therefore,
seems extremely logical.

The physiological timings of taking a discrete mouthful as opposed to continu-
ously drinking from a cup are different. Sequential swallows have repeated cycles
of the following events:

« lingual propulsion of the bolus;
 velopharyngeal closure;

« hyolaryngeal elevation and closure;
 pharyngeal clearance of the bolus; and

» UES opening (Chi-Fishman and Sonies, 2000).

It has been reported that during continuous drinking the hyoid and larynx achieve
maximal elevation during the pharyngeal response, but are partially lowered af-
ter each sequential swallow. This pattern continues until the completion of the last
swallow, at which time the hyoid and larynx finally return to their resting baseline
positions. Chi-Fishman and Sonies (2000) describe this process as ‘activation and
partial de-activation’, which is unique to sequential, but not discrete swallows.

The pattern of ‘activation and partial de-activation’ is noted for floor of mouth,
velopharyngeal and laryngeal movement during sequential swallowing. Floor of
mouth muscle activity as measured using electromyography (EMG) is understand-
ably found to remain elevated at the end of each sequential swallow. It is logical that
the submental muscles retain a heightened degree of tone in preparation to accom-
modate the next bolus. This differs from discrete swallows, where the submental
muscle group returns to baseline activity, i.e. deactivates, at the end of the swallow.
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In continuous swallows the higher amplitudes reflect repeating patterns of hyoid
and laryngeal excursion and partial lowering (Chi-Fishman and Sonies, 2000). With
regards to velopharyngeal movement, there are varying degrees of velopharyngeal
elongation in combination with posterior oropharyngeal bulging that protect the
nasal cavity from possible regurgitation; however, the pattern noted is not as pro-
nounced as in single discrete swallows.

In discrete swallows the laryngeal vestibule consistently opens upon laryngeal
descent. However, for sequential swallows, there is partial descent and re-elevation
of the larynx with the laryngeal vestibule either (a) remaining closed throughout,
or (b) evidence of a small, narrow opening of the laryngeal vestibule. Chi-Fishman
and Sonies (2000) noted that when there was evidence of slit-like opening of the
laryngeal vestibule during the sequential swallowing process there was evidence of
trace penetration. Interestingly, the penetrated material was expelled from the lar-
ynx on the next cycle of laryngeal elevation (i.e. the next sequential swallow). For the
velopharyngeal system and the hyoid-laryngeal systems, the rapid and coordinated
pattern of activation and partial deactivation is a cost-effective muscular adjustment
during a repeating, sequential task.

Another normal variation of sequential swallowing is the merging of two suc-
cessive boluses in the hypopharynx before the pharyngeal response is initiated. The
first bolus is usually accumulated deep in the pharynx, most likely the pyriform
sinuses, with the incoming bolus propelled into the pharynx to merge with the ac-
cumulated bolus. The pharyngeal response is then triggered and the bolus cleared
from the pharynx. Chi-Fishman and Sonies (2000) reported that when the bolus
merging occurs the laryngeal vestibule is closed, but usually the hyoid and larynx
are partially descended.

The UES is open for a shorter amount of time for sequential swallows than dis-
crete swallows (Chi-Fishman and Sonies, 2000). The UES mechanical function,
however, does not appear to be affected by discrete versus sequential swallowing
tasks. During sequential swallows the UES shows repetitive opening and closing
gestures from swallow to swallow. This effectively drains each bolus and closes the
UES prior the next bolus being presented.

Sequential swallows show faster oral transit duration, pharyngeal response dura-
tion, UES opening duration and total swallow duration than discrete swallows. Se-
quential swallows show slower oral to pharyngeal stage transition and pharyngeal
transit durations, however. This is one of the key differences between sequential and
discrete swallows. In sequential swallows the bolus enters hypopharynx and may even
pause/dwell there momentarily before a pharyngeal swallow response is generated —
a phenomenon not observed in a discrete swallow. Other characteristics unique to
sequential swallowing pattern are: ‘movement momentum, prolonged sensory stimu-
lation and a heightened motor response’ (Chi-Fishman and Sonies, 2000: 1490).

Clinical inferences

Clinically there are a couple of important points to pull out from the differences
between discrete and continuous swallows. As mentioned earlier, we do not usually
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drink in restrained single-bolus swallows; rather, we take a number of swallows at a
time. In assessment there is the tendency to avoid continuous swallows for fear of mas-
sive aspiration. Certainly, if the individual has extremely poor swallow-respiratory
coordination there are certain dangers to testing continuous cup drinking. However,
it should not be ruled out. Continuous drinking is more the norm, and as part of a
progression towards more normal swallowing, it should also be assessed where the
risk of frank aspiration is not extreme. Note also that in assessment of this variation
radiologically the speech pathologist should accept triggering of the swallowing re-
flex from deeper in the pharynx as normal, and the possibility of normal penetration,
which is promptly cleared with the next swallow.

STRAW DRINKING

Straw drinking is also another normal swallow ingestion variation. Fans of the
milkshake will know there is nothing better than drinking this particular beverage
through a straw. Indeed many of the elderly tell us that they find it easier to drink
with a straw. Is it, however, a physiologically simple or complex task? Daniels and
Foundas (2001) investigated the physiology of sequential straw drinking in healthy
young men. To what extent their findings can be carried over to the elderly popu-
lation remains to be seen, nevertheless, they provide some important information
worthy of consideration.

In its simplest form, the straw allows us to deliver the bolus to the posterior part
of the oral cavity. So for individuals with poor tongue strength, there is an advan-
tage in moving the bolus to the best point for swallow reflex initiation more ex-
pediently. Using the straw to promote posterior placement of the bolus in the oral
cavity requires the buccal muscles, tongue and palatal muscles to work together
to form suction, drawing the bolus into the mouth in a controlled manner. This
is quite distinct from using respiratory force to ‘vacuum’ the bolus up through
the straw and into the oral cavity. Note that if individuals inhale as they draw the
liquid up the straw, they stand a very great chance of inhaling and thus aspirating
the liquid.

The mean volume drawn up via a straw (11.5ml, range 5.6ml to 17.4ml) is con-
siderably smaller than that of the standard mouthful (21 ml SD £5ml, range 8-59)
(Adnerhill et al., 1989). For healthy individuals there is approximately one swallow
every second when drinking sequentially using a straw. For trivia buffs, the mean
total volume swallowed in 10 s is 115ml with a range of 62ml to 168 ml. There are
three different patterns of hyolaryngeal excursion associated with sequential straw
drinking. Type I is the most consistent pattern, with roughly equal evidence of the
other two patterns. Type III is a mixture of Types I and II. The three patterns are
described in Table 3.3.

As noted in our discussions of the discrete bolus above, our expectation is for
the swallow reflex to be initiated at least at the ramus of the mandible. In sequential
straw drinking, the majority of swallows are initiated with the head of the bolus
below the level of the valleculae. Only a small percentage of swallows are initiated
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Table 3.3 Three patterns of laryngeal closure and hyolaryngeal excursion associated
with straw drinking

Type 1 (53%) Type 11 (27%) Type 11 (20%)
» Epiglottis returns to ¢ Continued epiglottic * Interchangable mixture of
upright after each swallow. inversion after each patterns I and II.
swallow.
* Opening of the laryngeal ¢ Closure of the laryngeal
vestibule after each vestibule after each
swallow. swallow.
¢ Anatomical landmark for ¢ Anatomical landmark for
generation of swallow generation of swallow
reflex: reflex:
© 22% superior to © 0.008% superior to
valleculae; valleculae;
o 31% at level of ° 0.05% at level of
valleculae; valleculae;
o 47% inferior to ° 93% inferior to
valleculae. valleculae.

as one would for a discrete swallow (i.e. above the level of the valleculae). This is an
important normal variation that should not be confused with pathology.

In sequential straw drinking it is also normal to accumulate a bolus in the phar-
ynx while the oral cavity takes up the next bolus, after which time the pharyngeal
swallow reflex is usually triggered (Daniels and Foundas, 2001). This pattern of
bolus accumulation was significantly associated with Type I hyolaryngeal excursion
movements where the epiglottis returns to upright and the laryngeal vestibule opens
after each swallow. Note, however, that aspiration is not a normal consequence of
this pattern.

SOLIDS

Not surprisingly, the patterns generated for the preparation of solids differ from
that of fluids. Of more interest, however, is that there are also significant normal
differences in site of swallow reflex initiation and handling of the bolus. Differ-
ences predominantly occur in the oral/oral preparatory phase. Beginning with the
oral preparatory phase, Hiiemae and Palmer (1999) found that hard solid foods are
deposited on the depressed anterior surface of the tongue, whereas it was normal
practice for soft foods to be scraped from a spoon by the upper incisors and collected
on the anterior surface of the tongue as the spoon was withdrawn from the oral cav-
ity. In both instances, the posterior portion of the tongue rides high in the mouth so
that the overall configuration resembles something of a ski slope with the peak at
the posterior portion of the mouth and the low point at the anterior end of the mouth.
This type of configuration encourages the bolus to remain within the oral cavity
and provides a physical barrier to premature escape into the pharynx. The tongue is
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instrumental in rapidly pulling the bolus back into the mouth so that it reaches the
molar region.

Ingestion of a solid bolus requires mastication and rotary lateral movement of the
mandible to bring the teeth edges together to break the food down. Food is pushed to-
wards the molars by the tongue rising anteriorly and squeezing the bolus against the
hard palate. It is this action that pushes it towards the molars. Food is also intermit-
tently pulled back by the tongue for repositioning and further mastication (Hiiemae
and Palmer, 1999). The food may then be segmented into portions that have been
adequately masticated and portions that still require additional mastication. Por-
tions that have been adequately masticated are ‘stored’ on the posterior surface of
the moving tongue, with further morsels joining the accumulating bolus. Note that
food can continue to be processed while ‘swallow-safe’ food accumulates to form a
bolus. The ‘swallow-safe’ bolus that accumulates on the tongue appears to maintain
its position on the still moving tongue without any particular anatomical constraints
(e.g. the soft palate). In fact the tongue to soft palate contact is both intermittent and
irregular (Hiiemae and Palmer, 1999).

The addition of food to the oral cavity and the actions of mastication also activate
the salivary glands. Saliva mixes with the bolus to moisten it, which acts as a binding
agent, allowing the food to be formed into a cohesive bolus, and enzymes within the
saliva assist in chemically breaking the bolus down, thereby initiating the ‘digestive
process’. Note also that mechanical stimulation of saliva (i.e. by chewing) results in
a higher salivary flow rate than stimulation by liquids (Guinard et al., 1998). (See
also Chapter 6.)

For liquid swallows we appreciate that a normal ‘oral phase’ should be approxi-
mately one second. Note that for a solid bolus, the act of mastication and bolus
preparation significantly increases this time frame. Dua et al. (1997) found that the
average duration of mastication for a bite of cheeseburger was 10.6 s (+/—0.4 s).
Moreover, each bite averaged approximately 8.9 strokes to prepare the bolus ade-
quately. There will obviously be differences depending on what is being masticated.
Hiiemae and Palmer (1999) reported average total swallowing sequences (i.e. oral
plus pharyngeal stages combined) of approximately 22 s for hard solids (e.g. pea-
nuts and hard cookies/biscuits) and approximately 9 s for soft solids (e.g. banana
and chicken spread). Guinard et al. (1998) reported that males took from 5.8 to
38 s to chew and process crackers before initiating a swallow, whereas females took
between 9.7 and 26.8 s to achieve the same goal. The gender difference was signifi-
cant. Another variation between liquids and solids is that we can consume liquids at
higher temperatures than solids (Longman and Pearson, 1987). For solids, chewing
sequences may involve multiple swallows to clear the bolus from the oral cavity
(Hiiemae and Palmer, 1999).

As noted above in the discussion of single bolus swallows, it is accepted that the
swallow reflex should be initiated at the faucial arches or when the bolus crosses
the anterior margin of the manidibular ramus as seen radiographically (Bisch et al.,
1994). In the swallowing of solid materials the pattern changes. Material frequently
enters the pharynx and resides for a time in the valleculae while the masticatory
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process continues (~40% of cases). However, it rarely reaches the pyriform sinuses
before a swallow response is initiated (Dua et al., 1997). Dua et al. (1997) report that
the vocal folds perform a partial adduction for a short period of time (0.7 s) when
food is held in the valleculae prior to completion of the masticatory process. It would
also appear that the swallowing system is more tolerant of foodstuffs squirrelled in
the valleculae or even the pyriform sinuses than that of the epiglottal edges. The
bolus would, on average, dwell for between 2.1 and 3.2 s at the valleculae (solids
and liquids respectively) and 1.4 and 1.5 s at the pyriform sinuses (liquids and solids
respectively) before a swallow reflex was generated. However, the bolus was limited
to a dwell time of 0.3 s to 0.4 s (liquids and solids respectively) if resting on the epi-
glottal edges or upper epiglottal surfaces. These actions are sound physiologically.
The epiglottis is one of the physical ‘gatekeepers’ to ensure safety of the respiratory
system. One other interesting difference is that the solid bolus passes over the mid-
line of the laryngeal structures and into the UES, whereas a liquid bolus is usually
divided around the larynx before rejoining to form a singular stream entering the
UES (Dua et al., 1997).

Clinical inferences

The normal physiological differences detailed above must be borne in mind when
performing both the clinical bedside and radiographic assessments of swallowing. It
is normal for food to enter the upper portion of the pharynx prior to a swallow reflex
being initiated. This should not be mistaken for ‘premature spillage’ (Dua et al.,
1997). It is normal to take 10 s or more to masticate a mouthful or bite of a solid
food and for multiple swallows to be used to clear the oral cavity of food. Normal
variations must not be confused with pathology. Poor understanding of the normal
physiology can place individuals on unnecessary modified diets.

BOLUS VISCOSITY

It is essential that we ingest fluids in order to remain hydrated. Regular thin fluids
require excellent muscle control (oral and pharyngeal) and accurate timing between
the swallowing system and the respiratory system to ensure that they are safely in-
gested. When an individual presents with dysphagia, they often lack the necessary
muscular control and/or the sensory input integral to generating a timely and effi-
cient muscular response. The problems with thin fluids are that

« they are not particularly cohesive and consequently tend to fracture or ‘fall apart’
en route if not swallowed efficiently; and
* because of their fracturability they are highly volatile and move very quickly.

Either may result in thin fluids being aspirated. If it is not possible to ‘fix’ the swal-
lowing problem, then one looks at ways of compensating for it (see Chapter 11).
One way to compensate is to improve the cohesiveness of the fluid and to slow it
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down. Thickening the fluid achieves both of these goals. Speech pathologists have
been using thickened fluids therapeutically for years in an attempt to maintain oral
hydration. Thickened fluids are rarely a diet of choice but they are a diet of necessity
if the person is to maintain the intake of fluids orally when the swallowing system
is compromised.

As noted above, the various permutations of thin fluids can significantly alter the
physiological programming of the swallowing sequence. Thickened fluids provide a
new set of parameters to bear in mind. Two of the important properties of thickened
fluids are that they have cohesiveness, which allows them to ‘hang together’ and be
less likely to fracture, and also that they move more slowly than regular fluids. Rheo-
logically, all fluids are described in terms of:

e viscosity;
 density (weight per unit area); and
« yield stress (critical force required to initiate flow of the fluid).

This combination of variables distinguishes one fluid type from another. Oral affer-
ent receptors may transmit bolus viscosity information to the central nervous system
(CNS) in the same way that bolus volume information is conveyed to the CNS. For
swallow programming, oral afferent receptors are most likely to evaluate variables
such as bolus volume, consistency, size, shape, pH, temperature, texture, odour and
familiarity to the CNS (Coster and Schwartz, 1987). The nervous system and oral af-
ferents relay this information in a continuous feedback cycle until the bolus is swal-
low safe and ready for transport to the oesophagus (see also Chapter 1). The swallow
needs to be customized depending on all of these variables. Initiation of the swallow
is a result of the cohesiveness of the bolus rather than just the size of the particles
of food/fluid. This viscous cohesion is the result of particles being broken down by
chewing in the oral phase and mixing with saliva as a binding agent to produce a
bolus that is both lubricated and cohesive. In healthy non-dysphagic individuals it is
our ability to receive sensory information and to respond to it that ensures we can
drink anything along the scale from ice slushies to the mixed textures of minestrone
soup or a hot cup of tea with ease. The unique parameters of each bolus necessitate
that a particular swallowing pattern is generated that will allow the bolus to be pre-
pared so that it is ‘swallow safe’.

THICKENED FLUIDS

As noted above, changes to the oral and pharyngeal phase of the swallow are medi-
ated by the amount and type of bolus being swallowed. Considerably more tongue
movement is required to manipulate a thickened fluid bolus and transport it to the
posterior of the oral cavity in preparation for the pharyngeal part of the swallow than
for thin fluids. There is more variability in lingual movement amplitude with thick-
ened fluids than with thin fluids (Steele and Van Lieshout, 2004). Increased viscos-
ity requires increased tongue force and increased pharyngeal contraction (Shaker
et al., 1988; Shaker et al., 1994; Miller and Watkin, 1996). While the duration of the
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lingual pressure wave is not influenced by viscosity (Shaker et al., 1988; Perlman
et al., 1993), duration of the pharyngeal pressure wave is influenced by viscosity
(i.e. longer pharyngeal transit duration) (Robbins et al., 1992; Shaker et al., 1994).
Increased submental and infrahyoid muscle activity is also recorded with increased
bolus viscosity (Reimers-Neils et al., 1994). Note that the most significant results
have been found for differences between liquids and thick pastes (cheese spread or
peanut butter) but not for liquids and thin pastes (sauce or pudding) as measured via
EMG. The time for transition from the oral phase to the pharyngeal phase increases
with an increase in bolus viscosity (Robbins et al., 1992).

There is some controversy about whether the UES is open for a longer or shorter
period of time when a thickened bolus is swallowed as opposed to a thin liquid bolus.
Dantas et al. (1990) reported that when thickened fluids are swallowed the timing
and relaxation of the UES is affected such that it has a larger dimension of opening
and a longer duration of opening. However, Robbins et al., (1992) found that dura-
tion of UES opening was shorter for a viscous bolus than a thin liquid bolus. This
may be because a liquid bolus has less stability and elastic cohesion allowing it to
disintegrate easily during its passage through the pharynx, necessitating the UES to
be open for sufficient time to capture all of the thin fluid. With a paste or semi-solid
bolus, its ability to maintain cohesion and the slowing effect of a higher viscosity
mean that there would be less risk of it disintegrating en route and as a result having
a more efficient entry into the UES. This would result in a shorter UES opening time
and shorter duration of hyolaryngeal excursion. Laryngeal closure does not appear
to be affected by bolus viscosity. Duration of laryngeal closure for a liquid bolus as
compared with a pudding bolus was comparable at 0.42 s and 0.45 s respectively
(Bisch et al., 1994). Due to increases in oral preparation time and increased duration
in the pharynx, it is not surprising to find that the total swallow duration for thick flu-
ids is longer than for thin fluids (Robbins et al., 1992; Reimers-Neils et al., 1994).

The physiological changes that occur when swallowing thickened fluids have
been detailed above. Thickened fluids are not, however, straightforward. Although
health professionals working in the area of dysphagia describe fluids as either ‘thick’
or ‘thin’ in nature, the field of rheology has a more detailed way of describing a
fluid’s properties. The following section aims to provide the speech pathologist with
an introduction to rheology and material characterization as it influences the types
of fluids we swallow.

AN INTRODUCTION TO RHEOLOGY AND MATERIAL
CHARACTERIZATION

As noted above, there are more technical ways of describing fluids rather than the
very simple dichotomy of ‘thick’ or ‘thin’. When we consider thick fluids more care-
fully there is quite a range of ‘thick’. It can be as runny as nectar or thick enough
so that it can no longer be poured, but requires a spoon for ingestion purposes or
anywhere in between! Some of the problems with thickened fluids are:
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« there is limited consistency in terminology (Cichero et al., 2000a);

« variability in the way ‘thickness’ is measured (Cichero et al., 2000a and b);

« the properties of the thick fluids change depending on the base substance (water,
juice or dairy) and when barium is added to it for radiographic use (Cichero et al.,
1997; Christoffersen et al., 2002).

In order to understand more about the nature of thick fluids the following areas will
be described:

e Definitions — what are viscosity, density and yield stress and what are their meas-
urement units?

e Newtonian and non-Newtonian fluids — what are they and why is it important?

e What are shear rates and how are they mediated in the swallowing system (i.e.
tongue and pharynx)? How do shear rates affect viscosity?

» How does the addition of barium affect the fluid and what are the implications of
this?

For now let us just assume that fluids are ‘thin’ (like water, tea, coffee) or ‘thick’
(consistency of nectar, pouring yoghurt, thickshake, runny pudding). Thickened flu-
ids and modified diets are also discussed in Chapter 11 in regard to compensation
for swallowing difficulty.

DEFINITIONS OF MATERIAL PROPERTIES AFFECTING SWALLOWING —
VISCOSITY, DENSITY AND YIELD STRESS

Three measures have been used to characterize swallowing fluids objectively:

* viscosity;
* density; and
« yield stress (Cichero et al., 2000b).

Viscosity is defined as ‘the internal friction of a fluid, or its tendency to resist flow’
(Coster and Schwartz, 1987: 115). More strictly the viscosity of a fluid is defined by
the ratio of the shear stress (the stress transmitted by a fluid during flow) divided
by the shearing rate (or the rate by which the material is being sheared) (Macosko,
1995). Thus you can see that viscosity is essentially a measure of ‘thickness’ or
‘thinness’ of a fluid. Typically a viscometer or theometer is used to test the viscosity
of the fluids. An example of a rheometer and the cone and plate attachment for the
rheometer is shown in Figure 3.1.

Here the bottom plate rotates at a constant speed (or shear rate) and a torque gen-
erated by the test fluid from the motion of the bottom plate, is transmitted through
the test fluid to the top truncated cone. A shear stress, and hence viscosity, may
be determined from this torque signal. The unique geometry of the cone and plate
configuration allows it to generate a constant shear rate across the diameter of the
sample and accurately measure the viscosity of all types of fluids (e.g. Newtonian
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(b)

Figure 3.1 (a) Typical rheometer (Rheometrics ARES rheometer) and (b) close-up sketch
of cone and plate fixture used in rheometer

and non-Newtonian fluids). The mechanics of the cone and plate system have been
described in detail previously (Cichero et al., 1997).

Apart from viscosity, a fluid should also be examined for density. Density of a
fluid is the mass per unit volume inherent in that material and most closely relates
to the weight of the fluid. Clearly, if two fluids are of different density, there will be
differences in the amount of force required to generate fluid movement. Density of
the fluids is typically determined by accurately weighing a graduated cylinder of
known volume.

In order to complete the rheological and material property characterization of a
given fluid for swallowing studies, one should also examine the yield stress of the
fluid. A fluid that has a yield stress is typically a particle-filled fluid or a gel. A fluid
that has a yield stress has an inherent structure that must be broken down to allow
the fluid to flow. The yield stress is defined as the stress that must be transmitted
to a fluid above which flow occurs but below which no flow occurs. As an analogy,
consider pouring a tub of yoghurt and a tub of water onto a bench. The yoghurt prob-
ably will need significantly more effort to allow it to spread, when compared with
the water. This is due to the inherent structure, or yield stress, in the yoghurt. Yield
stress is typically determined by measurements from a plot of viscosity versus shear
stress (where shear stress is the force per unit area applied to the fluid surface) which
can be obtained from the rheometer (Figure 3.1). If on the plot of viscosity versus
shear stress, viscosity was seen to approach infinity as the shear stress approaches
zero, then a yield stress is present (Figure 3.2).

The values of the yield stress can be read off the shear stress axis at the point
where viscosity approached infinity. Other methods of direct yield stress measure-
ments of fluids using rheometers are discussed in the literature (Gupta, 2000).

Viscosity, density and yield stress are obviously linked to the swallowing of flu-
ids, as discussed in the following scenarios. A thick, heavy fluid (high viscosity,
high density) will require more effort to initiate and maintain flow, than a thin,
relatively light fluid (low viscosity, low density). A highly structured, thick material
(high viscosity, high yield stress) will require higher initial force to move than a less
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Figure 3.2 Yield stress determination of fluids from viscosity-shear stress data

structured, thin material (low viscosity, low yield stress). Thus it is important that all
three variables (viscosity + density + yield stress) are measured in order to describe
accurately the rheological and material property characteristics of a given fluid.

NEWTONIAN AND NON-NEWTONIAN FLUIDS

Clinicians generally differentiate fluids as either ‘thin’ or ‘thick’ but the field of rheol-
ogy (or viscometry) has a far more detailed way of describing a fluid’s flow properties.
Fluids may be classified as either Newtonian or non-Newtonian in nature. Newtonian
fluids are characterized by the fact that the force required to make the fluid flow is di-
rectly proportional to the resultant amount of flow (Coster and Schwartz, 1987). Flu-
ids such as water, milk and honey are examples of Newtonian fluids. However, not all
fluids are Newtonian in nature. For example, the addition of a suspension (e.g. barium)
to water (a Newtonian fluid) results in a non-Newtonian fluid. Food-thickening agents
added to thin fluids also tend to result in non-Newtonian fluids. Non-Newtonian flu-
ids behave differently from Newtonian fluids. With a non-Newtonian fluid the ‘shear
stress’ (i.e. the force per unit area applied to the fluid surface) is not proportional to
the amount of flow or ‘rate of strain’ (i.e. the velocity as a result of stress applied to
the fluid surface).

Another way of thinking about Newtonian and non-Newtonian fluids is to look
at their viscosities. For Newtonian fluids, viscosities are independent of strain rate
(mixing rate or flow rate) and it is sufficient to provide a single value for viscosity,
as it will characterize the resistance to flow for all conditions of flow for that mate-
rial. This is because the force required to make the fluid flow is directly proportional
to the amount of flow. For non-Newtonian fluids, however, where the relationship
between shear stress and rate of strain is not proportional, or where the viscosity
(shear stress divided by strain rate) is not a constant value, it is not possible to pro-
vide a single value for viscosity. In fact typically for non-Newtonian fluids, the fluid
is more viscous when stirred slowly and less viscous when stirred rapidly. Hence, it
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is not correct to provide a single viscosity value for a non-Newtonian fluid as it will
not characterize the resistance to flow for all conditions of flow for that material. For
non-Newtonian fluids it is more accurate to provide a viscosity range or a viscosity
profile over a range of shear rates. This gives the viscosity of the fluid over a range
of shear rates from low to high. For Newtonian fluids, no such differences exist,
consequently there is only one viscosity (or score) to report. Schematically the dif-
ference between non-Newtonian and Newtonian viscosities is shown in Figure 3.3.

As can be seen from Figure 3.3 a Newtonian fluid has a constant viscosity that is
independent of shearing rate, whereas non-Newtonian fluids have a viscosity that is
affected by how fast the material is being sheared. Specifically in this case the non-
Newtonian fluids sketched can further be described as (3a) shear thickening or (3b)
shear thinning with respect to shearing rate.

Clinical inferences

The use of a viscosity range acknowledges that the viscosity of the fluid may be al-
tered by tongue propulsion or oropharyngeal shearing during swallowing. For exam-
ple, a thick fluid might have quite a viscous consistency at rest or very low shear rates
within the oral cavity. However, as the fluid gains velocity due to the shearing action
of the lingual and oropharyngeal systems, the viscosity of the fluid will decrease,
and provide a less viscous reading. This behaviour is common to non-Newtonian
fluids. In general, thickened fluids exhibit non-Newtonian behaviour (Cichero et al.,
1997; Coster and Schwartz, 1987). Investigators have used shear rates from 1 s to
100 s~! (inverse seconds) to accommodate the differences between low shear rates,
such as those during little movement within the oral cavity, and high shear rates,
such as those during maximum velocity during passage of the bolus through the
oropharynx. Previous research has shown that typical shear rates during swallowing
range from 5 s to 50 s~! (Borwankar, 1992).

non-Newtonian (a)

Viscosity Newtonian

\ non-Newtonian (b)

Shear rate

Figure 3.3 Viscosity profiles of Newtonian and non-Newtonian fluids (a) shear
thickening, (b) shear thinning
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CASE STUDIES IN MATERIAL CHARACTERIZATION OF
SWALLOWING FLUIDS

To demonstrate the importance of fluid properties in swallowing fluids it is instruc-
tive to highlight some of our previous work.

CASE STUDY | — MEALTIME FLUIDS AND VIDEOFLUOROSCOPY
FLUIDS: VARIABILITY BETWEEN HOSPITALS

The aim of the first case study was to examine various mealtime fluid and videofluro-
scopic fluid properties from ten hospitals located in a single Australian city (Cichero
etal., 2000a,b). It was hypothesized that there were quantifiable differences between
the thickened fluids offered at the various hospitals. It was also hypothesized that the
mealtime fluids would have different rheological properties from fluids used during
videofluoroscopy. Videofluoroscopy fluids are barium-enriched fluids that are given
to dysphagic patients during radiological assessments of swallowing function. Meal-
time fluids are those fluids that are given to dysphagic patients as part of their normal
oral diet. There were three levels of mealtime fluids. These were:

e full thick, subjectively described as ‘slow pourable’ (i.e. they should not pour rap-
idly or drop in lumps from the spoon);

e half thick, subjectively described as ‘smooth yoghurt-like consistency’; and

 quarter thick, subjectively described as ‘fruit nectar consistency’ (e.g. apricot
nectar).

Each hospital had its own recipes for each level of fluid thickness. Fluids were
prepared according to the hospital recipe by kitchen staff. Internal classifications
were also given (Table 3.4). Note that the internal classifications varied from being
descriptive (e.g. ‘thick syrup’) to nondescript (Category I-III). Each of the 10 par-
ticipating hospitals provided samples of the thickened fluids used at (a) mealtimes
(n=56) and (b) during videofluoroscopy (n = 34).

The methods used to analyse the fluid samples have been described elsewhere
(Cichero et al., 1997, 2000a and b). Our rheological studies showed that for the
mealtime fluids, the viscosity range for full thick was 475 cP at high shear rates and
21,000 cP at low shear rates. For half-thick fluids, we recorded a viscosity range
of 283 cP at high shear rates and 11,000 cP at low shear rates. Nectar thick fluids
recorded a viscosity range of 114 cP at high shear rates and 4,200 cP at low shear
rates. Recall that thickened fluids are non-Newtonian and hence behave differently
at high and low shear rates. They tend to be thicker when stirred or moved slowly,
and become thinner when stirred or moved quickly.

Videofluoroscopy fluids were those fluids, containing barium, given to dysphagic
patients during videofluorscopy procedures. Videofluoroscopy fluids were prepared
by a hospital speech pathologist. The clinician added sufficient barium solution to
a prepared mealtime fluid, to ensure that the new fluid would be radiopaque. In
most cases, clinicians added barium ‘by eye’. That is, they did not have set and
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measured amounts of barium solution that were added to measured amounts of
mealtime fluids. Videofluoroscopy fluids were also subcategorized as (a) full thick,
(b) half thick, and (c) quarter thick, in accordance with the descriptions provided
above. Videofluoroscopy fluids were found to be more viscous than their mealtime
counterpart at both high and low shear rates.

Clinical and research implications

One of the most routine parts of dysphagia assessment and treatment is the provi-
sion of thickened fluids. However, little thought has been given to the comparability
of thickened fluids across institutions. If the fluids provided by the hospitals are
vastly different, then the patient is at risk of being placed on an incorrect fluid con-
sistency on interhospital transfer. The results of the Cichero et al. (2000a,b) inves-
tigation confirms suspicions that there are indeed quantifiable differences between
the thickened fluids provided by different hospitals. ‘Many individuals who work
in flawed systems expend considerable energy to overcome these flaws in order
to render a quality service’ (Frattali, 1998: 175). Rather than have the clinicians
continue to compensate for the flawed system, it makes more sense to improve the
process itself. To ascertain whether the system is in fact flawed one must first assess
the current system. The Cichero et al. (2000a and b) studies provided a means of
measuring the ‘current system’.

Classification and discussion of rheological differences

In the past, many investigators have addressed fluid viscosity in isolation of density
and yield stress (Ku et al., 1990; Li, et al., 1992; Stanek et al., 1992; Robertson and
Patillo, 1993; Zenner et al., 1995; Hamlet et al., 1996; Miller and Watkins, 1996).
However, in order to characterize a fluid accurately the combined effects of viscos-
ity, density and yield stress must be taken into account.

For the mealtime fluids reported in this study, density measurements between
hospitals were comparable over all three fluid thicknesses (full thick, half thick and
quarter thick) (see Table 3.5). Yield stress measures were reasonably comparable,
with some variable scores being recorded (see Table 3.6). Viscosity was recorded for
both low shear rates and high shear rates. Viscosity readings at low shear rates were
reasonably comparable. Low shear rates represent very low levels of fluid movement
within the oral cavity. At rest these fluids appeared to be fairly similar in terms
of viscosity. At high shear rates, however, considerable variability was noted be-
tween hospitals for all three levels of fluid thickness. That is, at maximum velocity
within the oropharyngeal system, the fluids from the different hospitals behaved in
an idiosyncratic fashion rather than in a uniform fashion. For some hospitals, this
means that the fluid remained thicker at high shear rates than that of their compatriot
hospitals. When examined as a rheological and material property package there is
noticeable variation between the hospitals for full thick, half-thick and quarter-thick
mealtime fluids.
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Table 3.5 Density measurements for all mealtime
fluids (g/cm?) (Cichero et al., 2000a)

Hospital Full thick  Half thick Quarter thick

Mean 0.935 0.936 0.99
SD 0.04 0.06 0.04
H1 0.91 0.92 n/a
H2 0.93 0.95 n/a
H3 0.89 0.94 0.97
H4 0.9 1.0 1.05
H5 0.96 0.92 n/a
H6 1.03 1.02 1.04
H7 0.96 n/a 0.94
H8 0.96 n/a 0.94
H9 0.9 0.82 1.0
H10 0.91 0.92 n/a

n/a=not applicable — hospital does not provide this consistency of
fluid. H = Hospital.

More substantial inter-hospital variation was noted for the videofluoroscopy flu-
ids. The yield stress measures were reasonably stable between hospitals but more sig-
nificant differences were noted for viscosity (low and high shear rates) and density
measures (see Tables 3.7 and 3.8). In terms of viscosity, low shear rate measures
were more favourably consistent than high shear-rate measures. The density meas-
ures that were well matched for mealtime fluids were not comparable on an inter-
hospital basis for the videofluoroscopy fluids. Given that the videofluoroscopy fluids
were prepared by taking a quantity of mealtime fluid and adding ‘sufficient’ barium

Table 3.6 Yield stress measurements for all
mealtime fluids (Pa) (Cichero et al., 2000a)

Hospital Full thick ~ Half thick Quarter thick

Mean 18.6 10.6 3.5
SD 5.0 3.5 2.6
H1 18 9 n/a
H2 16.5 16 n/a
H3 8 4.3 2
H4 16.5 10.5 2
H5 21 12.5 n/a
H6 14 9 1.5
H7 22.5 n/a 7
HS8 22.5 n/a 7
H9 25 14 2
H10 22 10 n/a

n/a = not applicable — hospital does not provide this consistency of
fluid. H = Hospital.
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Table 3.7 Density measurements for all
videofluoroscopy fluids (g/cm?) (Cichero et al., 2000a)

Hospital Full thick  Half thick  Quarter thick
Mean 1.22 1.26 1.39
SD 0.12 0.24 0.35
HI 1.21 1.29 n/a
H2 1.1 1.1 1.1
H4 1.3 1.34 1.35
H5 1.3 L.15 n/a
H6 1.2 1.7 1.96
H7 112 n/a 1.09
H8 1.45 n/a 1.49
H9 1.09 1.03 n/a

n/a =not applicable — hospital does not provide this consistency of
fluid. H = Hospital.

solution to the fluid to make it radiopaque, the rheological and material property dif-
ferences found may be a function of the barium solution used. Of the hospitals that
provide videofluoroscopy services (n = 8), five different brands of barium, each with
differing weight/weight percentage and weight/volume percentage measures, were
used to prepare the videofluoroscopy fluids. Note too that where standard recipes
are followed for the manufacture of the mealtime fluids, no such uniformity exists
within the hospitals for the preparation of the videofluoroscopy fluids, with barium
often added ‘by eye’.

The rheological and material property differences noted for all fluids may also
be accounted for by the method in which clinicians determine fluid thickness. Sub-
jective measures are most common. Clinicians often stir a fluid to check its texture
and resistance to the spoon and then note its flow rate as it drops from the spoon.

Table 3.8 Yield stress measurements for all
videofluoroscopy fluids (Pa) (Cichero et al., 2000a)

Hospital Full thick  Half thick Quarter thick
Mean 26.22 10.5 6.9
SD 19.6 5.3 4.3
H1 10 2.5 n/a
H2 20 12 14
H4 18.5 9 2.5
H5 73 14 n/a
H6 29 18 7
H7 16 n/a 6
H8 24 n/a 5
H9 19.3 8 n/a

n/a =not applicable — hospital does not provide this consistency of
fluid. H = Hospital.
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Such techniques are hardly scientific. Borwankar (1992) showed that the rate of
fluid deformation was substantially different depending on whether the fluid was (a)
poured from a bottle, (b) used during basting, (c) observed for adhesion or cling, and
(d) tested for mouthfeel. Visualizing and pouring showed the narrowest shear rate
range, while basting and tasting exhibited the largest shear rate range. Based on this
data, it is not possible to say that just because two fluids look alike or stir in a similar
fashion they will create the same physiological response during swallowing. Stirring
the fluids appears to give some information about viscosity at low shear rates. It does
not give the valuable information required for what happens at high shear rates, such
as that which occurs when the bolus moves through the oropharynx. Glassburn and
Deem (1998) have also confirmed that speech pathologists showed extreme vari-
ability in their ability to mix solutions to their perceptions of nectar and honey con-
sistencies. Both intersubject and intrasubject variability was reported. If individuals
cannot repeat their own mixing consistencies, between subject variability will only
make matters worse (Glassburn and Deem, 1998).

Appropriate objective assessments, such as those used in the current investiga-
tion are required to characterize fluid thickness accurately. Hospitals should be en-
couraged to perform regular objective measurements of their thickened fluid range.
Both mealtime fluids and videofluoroscopy fluids should be assessed. Hospitals
are advised to use suitably qualified personnel, and rheological equipment that is
appropriate to the type of fluids being tested.

The Brookfield rheometer, the line spread test and the consistometer

Previous investigators have used a Brookfield rheometer to measure the viscosity of
thickened fluids (Li et al., 1992; Robertson and Patillo, 1993; Zenner et al., 1995;
Hamlet et al., 1996). The Brookfield rheometer is calibrated for use with Newtonian
fluids. As noted earlier, Newtonian fluids are those where the force required to
make the fluid flow is directly proportional to the resulting amount of flow (Coster
and Schwartz, 1987). Most thickened fluids, however, are non-Newtonian in nature.
That is, the force applied to the fluid (shear stress) is not proportional to the result-
ing velocity of the fluid, as a result of the stress applied to the fluid surface (shear
rate) (Coster and Schwartz, 1987). Saliva, custard, yoghurt and baby food are all
examples of non-Newtonian fluids. As some Brookfield rheometers are calibrated
only for Newtonian fluids, it cannot be used accurately to measure the viscosity of
non-Newtonian fluids.

The line spread test has also been touted as an inexpensive yet accurate measure
of viscosity (Mann and Wong, 1996). The line spread test is a measure of product
flow over a flat template of concentric rings measuring Ocm to 25cm. A 50ml por-
tion of fluid is placed into a hollow tube (3.5 cm high, 5cm internal diameter). The
tube is lifted and the fluid is permitted to flow for 1 minute. The distances travelled
are measured at each 90 degree interval and averaged to produce a line spread read-
ing. Thicker fluids tend to travel quite slowly, and so a smaller number is associated
with a thick fluid (6.4 cm), whereas a larger number is associated with a thinner fluid
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(14.3 cm). Mann and Wong (1996) found that line spread values of fluid thickness as
judged by a sensory panel were well correlated with values of thickness measured
using the line spread test. Note, however, that Mann and Wong (1996) used potato
flakes, vegetable cereal and modified corn starch as the thickening agents. Yet the re-
sults of their assessments have been applied by clinicians to guar and xanthan based
thickeners. There is no evidence to support the view that the gum-based thickeners
behave in the same manner as the starch-based thickeners. A fluid that flows uni-
formly for a minute may well have the same eventual reading as the fluid that flows
fast initially and then slows to the same reading at the end of a minute. The proper-
ties of these fluids are obviously different (probably due to differences in density or
yield stress or both) yet they will provide the same ‘magic number’ on the line spread
test. Are these fluids really equivalent?

A consistometer has also been used to provide a relatively inexpensive and some-
what objective measure of viscosity (Germain et al., 2005). Its principles are the
same as for the line spread test although the method is different. The consistometer
consists of a rectangular stainless steel bath. A portion at one end can be sealed
from the rest of the bath by way of a guillotine. The fluid sample is placed in the
separated portion. The guillotine is released and the fluid allowed to flow for a set
amount of time (e.g. 30 s). A graduated measure in centimetres is taken at the end
of the desired period.

The consistometer has also been touted as a reliable objective measure of fluid
viscosity, however, the same arguments regarding fluid characterization levelled at
the line spread test also apply to this testing procedure. Thickness is affected by
the amount of thickener added (even small amounts can make a large difference
in fluid thickness) and the temperature of the fluid. Fluids are more viscous at low
temperatures than at high temperatures. One need only think of the toothpaste tube
for confirmation — in summer it is very easy to squeeze the toothpaste out of the tube.
In winter, when it is cold, toothpaste appears thicker and more force is required to
squeeze it out of the tube. The toothpaste remains the same; the temperature alters
the viscosity. Mann and Wong (1996) rightly state that separate formulations are
need for each different type of food and beverage to ensure standard viscosity for
individuals with dysphagia.

The potential effect of inter-hospital differences in thickened fluids
for dysphagic patients

The rheological differences found in this study suggest that the care of dysphagic
patients transferred between these facilities could be affected. At the most basic
level, there were notable differences in the names the hospitals gave each of the
three levels of fluid thickness (see Table 3.4). The diet recommendation of a patient
transferred between H1 and HS8 could pose considerable confusion for nursing and
kitchen staff. Stage II (H1) fluids have no equivalent at HS. In fact, names such as
‘stage I’ or ‘category II’ do not give any indication as to the thickness or presumed
thickness of the fluid being mentioned. The arbitrary names used by the hospitals do
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not aid in smooth transfer of diet recommendations. A common classification system
for thickened fluids would be a good start to the process of rheological refinement.

Extreme variation in fluid thickness between hospitals also poses considerable
medical risks. In this study, the patients assessed and treated at hospitals H5 and H6
are in considerable trouble if transferred to H3. The fluids at H3 are considerably
less viscous at both low and high shear rates than at all of the other hospitals. Less
extreme variation between other individual hospitals can also be seen. The variabil-
ity of the fluids between hospitals is unacceptable if safe and high quality services
are to be achieved.

These problems also affect videofluoroscopy services. There were two hospitals
(H3 and H10) that did not have their own videofluoroscopy services and relied on
the videofluoroscopy services of another hospital (H2). In this scenario it is impor-
tant to compare the mealtime fluid values for H3 and H10 with the videofluorscopy
fluid values of H2. The results of the study showed that H10 could reliably use the
videofluoroscopy fluids at H2 to predict, in general terms, the mealtime fluid that
will be most beneficial for their patients. For H3, however, there are stark differences
between the viscosity, density and yield stress measures of their mealtime fluids,
and that of H2’s videofluoroscopy fluids. This data suggests that H3 cannot use H2’s
videofluoroscopy fluids to accurately ascertain the correct level of fluid thickness for
their patients due to the extreme differences between the test fluid and the treatment
fluid.

Remedying the problem

Quality improvement projects and further research could be applied to address the
issues raised by this research. This investigation has identified a problem in inter-
hospital variability of thickened fluid rheology. The cause of the problem may be
related to a lack of objective assessment of fluid thickness, and inconsistencies in
the preparation of videofluoroscopy fluids (Cichero et al., 2000a and b). Speech
pathology and dietetic associations might also wish to take an active role in the
quality improvement of dysphagic services. National associations could implement
the studies outlined above to provide state-by-state or national recommendations of
generic thickened fluid names and their associated rheological characteristics. Such
guidelines could be incorporated into accreditation manuals to ensure quality serv-
ice. Note that the fluid thickness differences outlined in this study are unlikely to be
confined to the 10 hospitals surveyed but are indicative of a much larger problem.

Future directions for viscosity research

The current investigations indicate that there is a veritable ‘Pandora’s box’ of viscos-
ity related research waiting to be done. It is apparent that benchmarks for viscosity
(low and high shear rates), density and yield stress need to be set up. The wide
variation recorded between the hospitals indicates that further research for accu-
rate benchmarking needs to take place. Chemical engineers should be involved in
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developing these benchmark values for viscosity, density and yield stress for fluids
of different thicknesses.

It is also important to note that physical (i.e. measurable) viscosity and orally
perceived viscosity do not have a one-to-one correlation. Smith et al. (1997) noted
that oral sensation of viscosity grows at approximately one-third of the rate of ac-
tual viscosity. Hence it is not possible to directly compare instrumental and sensory
values of viscosity because, although the values are related, they are not equivalent
(Christensen, 1984). Therefore, substantially more research needs to be carried out
using a combination of sensory values and instrumental values to arrive at appropri-
ate benchmark values for full-thick, half-thick and quarter-thick fluids.

The following factors need to be considered when designing thickened fluids:

1. Type of thickening agents.
2. Whether the fluid’s properties change with differences in temperature.
3. Reaction of the fluid with saliva.

Factors 1. and 2. will be easier to measure, factor 3. might prove to be more difficult.
Saliva is more than 99% water and so differing amounts of saliva mixed with thick-
ened fluids will cause changes to the viscosity and material property characteristics
of the fluid. To make things more complicated, there are large individual differ-
ences in salivary flow rate. It can vary more than eightfold in healthy individuals
(Christensen, 1984). The influence of viscosity and the material property character-
istics of thickened fluids on both normal and dysphagic oropharyngeal swallowing
also require further research.

CASE STUDY 2 — DIFFERENCES IN PREPARING SAME
FORMULATIONS AT ONE HOSPITAL AT DIFFERENT TIMES

In this study the properties of dietary fluids prepared at different times at the one
hospital were examined (Christoffersen et al., 2002). Dietary fluids were described
as sample A or B, representing two dietary fluids from the same batch of dietary
fluids. Samples A and B were collected for each of:

 thickshake;
« apple juice; and
¢ lemon cordial.

A matched videofluoroscopy fluid was also collected during each sampling. As in the
previous study, videofluoroscopy fluids were prepared by a clinician and sufficient
barium was added to the dietary sample to ensure that the new fluid would be radio-
paque (i.e. it was ‘added by eye’). Recipes used in this study are shown in Table 3.9.

Clinical and research implications

The current investigation aimed to establish whether there was batch-to-batch var-
iation in the preparation of dietary and videofluoroscopy fluids as measured over
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Table 3.9 Recipes for the preparation of dietary fluids used in this study (Christoffersen
et al., 2002)

Thickshake (Stage I) Apple juice (Stage I) Lemon Cordial (Stage II)
120 ml full cream milk 200ml apple juice 200ml diet lemon cordial
100ml ice cream 2.5 g guar gum (thickener) 2 g guar gum (thickener)
16 g skim milk powder

2 g guar gum (thickener)

a 4-week period. This study was the result of a single centre-experiment and one
should be cautious about overinterpretation of the results. In order to classify ac-
curately the rheological and material property characteristics of a fluid, objective
measures of viscosity, density and yield stress needed to be carried out. This study
found that even when recipes are used to prepare dietary fluids, viscosity and to a
lesser degree density variables are shown to vary on a week-to-week basis. Note,
however, that the variations recorded depended on the fluid base. That is, the lemon
cordial samples were very well matched each week for the 4-week period. This re-
sult was consistent for both the dietary fluids and the videofluoroscopy fluids. The
apple juice samples showed small variations from week to week for the dietary
fluids, with large fluctuation between the videofluoroscopy samples on a week-
to-week basis. The widest variance was recorded for the thickshake fluids. This
fluid type was quite viscous at both low and high shear rates (see Figures 3.4-3.6).
There was noticeable variability between the dietary samples from week to week
and the match between videofluoroscopy fluids and dietary fluids was no better
than chance (50%). Smaller variations were noted for the density measures (see
Tables 3.10 and 3.11).
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Figure 3.4a Viscosity profile of sample apple juice A dietary fluid — comparison over
weeks 1 to 3. Graph shows viscosity (Pa.s) versus rate (s 1)
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Figure 3.4b  Viscosity profile of apple juice sample B dietary fluid over weeks 1 to 4.
Graph shows viscosity (Pa.s) versus rate (s ')

Based on the small data set, the results suggest that lemon cordial provided an
excellent substance for reproducibility both for mealtimes and during videofluor-
oscopy procedures. Apple juice appeared to be more volatile in this regard and the
thickshake consistency was the most variable of all. The thickshake fluid appeared
unsuitable for use during videofluoroscopy as it provided such a poor match to its
dietary counterpart. The value of a radiological assessment of swallow using the
barium-enriched thickshake fluid would be questionable as it is unclear how accu-
rately it represented the swallowing function during mealtimes.

The relatively small variations in the viscosity, density and yield stress data for
the apple juice and lemon cordial fluids perhaps have few clinical implications for
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Figure 3.4c Viscosity profile of apple juice videofluoroscopy fluid over weeks 1 to 4.
Graph shows viscosity (Pa.s) versus rate (s~ )
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dysphagic patients. The larger variations in the thickshake samples suggest there is
potential for dysphagic patients to notice a difference in this fluid on a week-to-week
basis. Larger scale studies, including those that examine patient swallowing ability,
would need to be carried out to determine the degree of variability needed in the
rheological and material property make-up of the fluid before swallowing function
is compromised. Studies specifically linking variation in fluid viscosity, density and

yield stress with patient swallowing ability have yet to be carried out.

The comparison between the dietary fluids and the videofluoroscopy fluids pro-
vides further evidence that standard recipes of amount of barium solution added
to dietary fluids should be established. In this hospital, the dietary fluid is the base
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Figure 3.5b
shows viscosity (Pa.s) versus rate (s™1)
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Viscosity profile of lemon cordial dietary B fluid over weeks 1 to 4. Graph
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Figure 3.5¢ Viscosity profile of lemon cordial videofluoroscopy fluid over weeks 1 to 4.
Graph shows viscosity (Pa.s) versus rate (s

substance with sufficient barium solution added ‘by eye’ to ensure that the result-
ing videofluoroscopy fluid is radiopaque. Given that there was little variance in the
densities of the dietary fluids (samples A and B) on a week-to-week basis but larger
scale fluctuations in the density of the videofluoroscopy fluids on a week-to week
basis, the effect of ‘adding by eye’ is well demonstrated. The results from the current
investigation concur with the results of our earlier study (Cichero et al., 2000b).

Of most concern was the incidental finding of the differences between the fluid
profiles of the apple juice and thickshake samples. Both fluids had been categorized
by the hospital as ‘Stage I’ consistency. A patient receiving either thickshake or
apple juice should be assured of the same level of thickness in both products. The
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Figure 3.6a Viscosity profile of thickshake dietary fluid sample A over weeks 1 to 3.
Graph shows viscosity (Pa.s) versus rate (s~ )
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Figure 3.6b  Viscosity profile of thickshake dietary fluid sample B over weeks 1 to 4.
Graph shows viscosity (Pa.s) versus rate (s~

results of the objective assessment revealed, however, that the two substances are
very different rheologically. The thickshake exhibits a yield stress whereas the ap-
ple juice does not. The apple juice is more dense than the thickshake; however, the
thickshake is more viscous at both low and high shear rates than the apple juice. One
can hardly say, then, that these two fluid types are equivalent and interchangeable on
a dysphagia diet sheet. If this degree of variation exists between these two fluid bases
there is also the potential that it exists with other fluid bases — e.g. water based versus
dairy based and juice based. The results from the current investigation suggest that
fluids deemed to be of the same ‘degree of thickness’ should be objectively measured
to see whether this is in fact the case. Further research is required to determine the
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Figure 3.6¢ Viscosity profile of thickshake videofluoroscopy fluid sample over weeks 1 to
4. Graph shows viscosity (Pa.s) versus rate (s )



80

DYSPHAGIA: FOUNDATION, THEORY AND PRACTICE

Table 3.10 Density measurements for apple juice, lemon
cordial and thickshake samples for weeks one to four (g/ml)

Week 1 Week 2  Week 3 Week 4

Apple juice

Sample A 1.04 1.05 1.07 1.10
Sample B 1.05 1.05 1.05 1.10
VF fluid 1.13 1.16 1.10 1.20
Lemon cordial

Sample A 1.06 1.09 1.06 1.09
Sample B 1.04 1.06 1.06 1.04
VF fluid L.11 1.18 1.13 1.15
Thickshake

Sample A 0.85 0.87 0.79 0.75
Sample B 0.82 0.87 0.80 0.76
VF fluid 0.85 0.86 0.80 0.77

amount of variation in viscosity, density and yield stress that dysphagic individuals
can tolerate before swallowing safety is compromised.

Table 3.11 Yield stress values (Pa) over four weeks for apple
juice, lemon cordial and thickshake samples

Week 1 Week 2 Week 3 Week 4

Apple juice

Sample A 0 0 0 —
Sample B 0 0 0 0
VF fluid 0 0 0 0
Lemon

cordial

Sample A 0 0 0 —
Sample B 0 0 0 0
VF fluid 0 0 0 0
Thickshake

Sample A 11 58 32 —
Sample B 15 62 36 25
VF fluid 11 64 36 25

TASTE AND SMELL: RELATIONSHIP TO SWALLOWING

Taste and smell are physiologically and anatomically complex. Both senses allow
humans to determine desirable foods from bland foods and also those foods that are
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noxious. As noted in Chapter 1, the smell of food, an empty stomach or an electrolyte
imbalance will trigger a desire to eat. Taste has been shown in the literature to affect
the rate of swallowing, as has temperature and other variables such as fluid car-
bonation. The sense of taste is intimately linked with olfaction (the sense of smell)
and together these senses allow individuals to perceive flavour. Individuals will be
aware that when they have a cold or influenza food tends to taste bland. In fact, it is
the reduction in the ability to smell the food that causes the perception of flavour to
be affected. Deficits in the chemosenses (smell and taste) may ‘contribute to the
failure to recognize and consume nutritious food, avoid hazardous environments,
or derive pleasure from a variety of personal experiences’ (Hoffman et al., 1998:
716—17). In an American population it was found that chronic smell problems in-
creased significantly with age as did chronic taste problems (Hoffman et al., 1998).
Chronic smell problems appear to be more prevalent than chronic taste problems;
however, chronic taste and smell problems together are greater than just chronic
smell problems alone. The physiology and anatomy of taste and smell and their clini-
cal implications as they relate to swallowing will be briefly described below.

TASTE
There are four primary sensations of taste. These are:

* sour;
* salty;
* sweet; and
* bitter.

Sour taste is caused directly by acids and salty taste is elicited by ionized salts. Sweet
and bitter tastes, however, are not caused by a single class of chemicals (Guyton,
1991). A fifth unique taste has also been identified and it is the taste associated with
glutamic acid. It is referred to as ‘umami taste’ and is found in various foods and
vegetables. Note also that human breast milk also has relatively high concentra-
tions of glutamate. It appears that in specific flavour combinations or foods, umami
substances enhance our flavour perceptions. In and of their own, however, they do
not create a pleasant taste (Kurihara and Kashiwayanagi, 1998). Taste is perceived
through taste buds on the tongue. Taste buds are modified epithelial cells. Taste cells
are continuously being replaced, with a life span of approximately 10 days in lower
mammals but unknown for humans (Guyton, 1991).

Taste buds are found on different regional areas of the tongue (vallate, foliate and
most of the fungiform papillae). Taste buds are also found in the epithelium covering
the soft palate, posterior wall of the oropharynx and epiglottis (Moore and Dalley,
1999). Sweet and salty tastes are located primarily on the tip of the tongue. Sour
tastes tend to be located on the two lateral sides of the tongue and bitter tastes along
the posterior of the tongue and soft palate. Even though taste buds are only found in
certain locations on the tongue, taste sensations come from the entire inner surface
of the mouth — that is, taste is a unitary event. This explains why we are not aware
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of the location of the specific taste receptors (Todrank and Bartoshuk, 1991). Adults
have approximately 10,000 taste buds and children have more. After the age of 45
taste buds rapidly degenerate (Guyton, 1991). There is wide variability in normal
thresholds for taste, with greater taste sensitivity in women than men (Delibasi et al.,
2003). Application of a taste substance to the tongue causes a change in the polariza-
tion of the taste cells and consequently causes discharges of nerve fibres registering
the taste. The nerve fibres react extremely quickly at first and then adapt within a
couple of seconds to the stimuli. Saliva is instrumental in washing away taste chemi-
cals. As noted in Chapter 1, taste from the anterior two-thirds of the tongue passes
through the fifth cranial nerve, the chorda tympani, and into the facial nerve and
then the nucleus of the tractus solitarius. Taste from the posterior third of the tongue
comes via the glossopharyngeal nerve to the nucleus of the tractus solitarius. Areas
supplied by the vagus nerve (e.g. epiglottis) project to the same tract. From here, the
second-order neurones connect to the thalamus and also the post-central gyrus in the
parietal cortex. The nucleus of the tractus solitarius also has connections with the
superior and inferior salivatory nuclei. Gustatory sensations are transmitted to the
thalamus and cortex bilaterally (Barr and Kiernan, 1988).

Taste and texture affect salivary flow rates. For example, as the pH of the stimulus
decreases, signalling an increase in acidity, average saliva flow rate increases pro-
portionately (Guinard et al., 1998). This effect has also been demonstrated for citric
acid and bitter concentrations. Sweetness, however, also increases salivary flow rate
and this has been demonstrated for both aspartame and sucrose (Guinard et al.,
1998). Wine increases salivary flow rates by a combination of chemical sensations
(mainly sour) and also trigeminal sensations (irritation and tactile) — which of these
provides the greater stimulus to increased salivary flow has yet to be determined
(Guinard et al., 1998). Note also that taste attributes are likely to be perceived for
longer if the stimulus remains in the oral cavity longer, rather than being swallowed
after intake, leaving only a faint residue in the oral cavity. For example, the percep-
tion of the taste of chewing gum will remain longer than a mouthful of food or fluid
that is masticated and swallowed (Guinard et al., 1998).

Clinical implications

Even though the taste buds are anatomically located in certain positions on the tongue
surface, the sensation of taste is a whole experience and does not vary in intensity as
the substance is moved around the mouth. The advantage of this framework is that
if there is localized damage to the taste system, for the most part, individuals do not
notice large changes in taste experience. Interestingly, postmenopausal women have
a decline in sensitivity to sucrose (sweet) perception. Delilbasi et al. (2003) warn
that a reduction in the ability to perceive sweet foods may cause individuals with
this problem to sweeten foods with serious consequences for those with diabetes,
cardiac disease or obesity.

Multiple sensory receptors are excited to trigger a swallow response and these
then send signals to the nucleus of the tractus solitarius. Given that taste sensations
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are part of this set of multiple sensations, it has been hypothesized that taste may
facilitate swallowing by providing additional sensory input to the nucleus of the
tractius solitarius. In healthy individuals, application of glucose, isotonic saline
and distilled water does not affect latency of swallowing response (Kaatzke-Mc-
Donald et al., 1996). Neither did the investigators find any differences between
warm and cold chemical solutions (Kaatzke-McDonald et al., 1996). In neurologi-
cally impaired dysphagic individuals, however, application of a sour bolus causes
oral tongue initiation of the swallow to occur faster, and the pharyngeal response
to occur sooner (Logemann et al., 1995). Lazarus (1996) suggests that an acidic
chemical may heighten sensory awareness and act as a stimulant for the brain stem
and cortical swallowing areas. The one disadvantage of a sour bolus is that it may
be unpalatable, making its use in a therapeutic sense limited. In fact soft drinks
have sugar added to tone down the bitter taste of caffeine (Day, 2003). Pelletier
and Lawless (2003) investigated a modification of the sour bolus by using mixture
suppression to enhance flavour. The investigators used a citric acid and sucrose
mix to improve palatability. Unfortunately, the improved flavour did not generate
the same improvement in airway protection (i.e. decreased aspiration/penetration)
found with the citric solution alone in an elderly neurologically dysphagia popula-
tion. Both taste stimuli did, however, trigger significant increases in the number of
spontaneous swallows after initial swallowing of the flavoured substances when
compared with water (Pellteier and Lawless, 2003). Therapeutically this may be of
benefit in giving dysphagic individuals increased practice of swallowing saliva bo-
luses. Pelletier and Lawless (2003) also raise the point that personal ‘taste likes and
dislikes’, or ‘hedonics’ may influence swallowing physiology, however this area has
yet to be investigated. Using taste to improve swallowing function will be discussed
further in Chapter 12. Note also that if taste perception varies as a function of dura-
tion of the stimulus within the oral cavity, as noted above, the clinician may choose
to use gauze wrapped and tethered chewing gum to improve oral stimulation via
taste in the dysphagic individual. Sweet tastes are also shown to increase salivary
flow rates, and so lollipops may be useful therapeutically in:

« providing a tastant, using sensory feedback as a stimulus;

 encouraging lip closure around the stimulus; and

e enhancing salivary flow thereby encouraging individuals to swallow their
secretions.

Clinicians should be mindful to encourage strict oral hygiene after such exercises,
however, to minimize the formation of dental disease. Poor oral hygiene has been
identified as a possible predictor of aspiration (Langmore et al., 1998).

Note also that pharmaceutical drugs have been reported to affect the sense of
taste (Schiffman et al., 1998). Drugs are secreted into saliva and appear to affect
taste perception either by producing a taste of their own or by modifying the mecha-
nisms needed to perceive taste. Schiffman et al. (1998) found that concentrations
as small as 0.1 mM or less of six psychotropic drugs could be detected by both
young and elderly individuals (all non-smokers, taking no medications themselves).
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The psychotropic drugs were found to have their own taste and also altered percep-
tion of other tastes. These results help to explain why elderly individuals who take
medications have a greater loss of taste perception than those not taking medica-
tions. The dysphagia clinician needs to be cognizant of the effect of medications
not only on oromotor abilities but also on sensory abilities. In combination, these
may have a profound affect on swallowing ability and the amount and type of food
ingested (see also Chapter 9).

The ability to taste depends heavily upon the ability to smell. It is the combina-
tion of these two senses that allows humans to perceive flavour. Without the ability
to appreciate flavour individuals may be more prone to inadequate food intake and
consequently malnutrition and weight loss (Schiffman et al., 1998).

SMELL

The olfactory system consists of the olfactory epithelium, olfactory bulbs and tracts
and the cerebral olfactory areas (Barr and Kiernan, 1988). Olfactory cells are lo-
cated in the olfactory epithelium. The olfactory epithelium covers an area of 2.5 cm?
in the roof of each nasal cavity (lateral walls and nasal septum). Olfactory glands
beneath the epithelium provide the epithelium with a surface layer of mucous fluid.
For an odour to be perceived the substance needs to enter the nasal cavity as a gas or
aerosol. It must also be water soluble so that it can be taken up by the mucous layer
of the epithelium (Barr and Kiernan, 1988). Small cilia at the end of olfactory neu-
rosensory cells project through the epithelium. These are special bipolar neurones
that can serve as sensory receptors and also conduct neural impulses. Each olfactory
neurosensory cell lasts for about 2 months before being replaced. Thus ‘there are
always new axons growing along the olfactory nerves into the olfactory bulb’ (Barr
and Kiernan, 1988: 260). The unmyelinated bundles of axons of the olfactory cells
collectively constitute the olfactory nerves. These nerves pass through the foramina
of the cribriform plate to enter the olfactory bulb. Axons from cells in the olfactory
bulb project into the olfactory tract and from here into the central nervous system
(CNS). There are two main areas associated with olfaction in the CNS, these being
the medial and lateral olfactory areas. The medial olfactory area eventually feeds
into the hypothalamus and the limbic system. The lateral olfactory area is composed
of the pyriform cortex (temporal lobe) and a cortical portion of the amygdala. These
areas then feed again into the limbic system but especially the hypocampus (Guyton,
1991). In addition, there are nerve fibres that pass back from the olfactory portions of
the brain to the periphery — these are used to inhibit the sense of smell.

The olfactory system reacts quickly to continuous stimuli. Notice that if you walk
into a bakery the initial smell of baking bread will be strong but your perception of
it quickly dissipates due to the inhibitory process described above. Olfactory stimuli
induce visceral responses — for example, we increase our saliva flow rates with the
aroma of food. When testing the sense of smell, individuals should have both right
and left nares investigated. Each should be occluded while the other is tested (Moore
and Dalley, 1999). The best ability to detect odour occurs between the ages of 20 and
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40 years (Kovacs, 2004). The general prevalence of olfactory impairment is 24%
but in the elderly it may be as high as 70% (Kovacs, 2004). Older individuals have a
reduced acuity of smell, possibly due to a reduction, with ageing, in the population of
neurosensory cells in the olfactory epithelium and a general reduction in the olfac-
tory epithelial surface (Barr and Kiernan, 1988; Kovacs, 2004). The number of mi-
tral cells in the olfactory bulb reduces from 60,000 in individuals aged 25 years, to
14,500 in individuals aged 95 years. A drying out of the mucous layer and calfication
of the ethmoid bone that houses the cribriform plate have also been implicated in
the decline in the ability to perceive odour with increasing age (Vroon et al., 1997).
Because the decline is gradual, older individuals may not be particularly aware of a
change in their ability to smell.

Clinical inferences

In severe head injuries, mechanical damage to the olfactory bulbs or cribriform
plate through trauma may produce a complete loss of smell on the affected side
(Moore and Dalley, 1999). It has recently been noted that in the early stages of
Alzheimer’s disease odour identification is mildly altered whereas impaired odour
detection is a feature of a late stage of the disease. The loss of olfactory identifica-
tion has been significantly related to the Mini mental scores in individuals with
Alzheimer’s disease (Kovacs, 2004). Odour identification is the ability to identify
specific smells whereas odour discrimination is the ability to differentiate between
odorants. Moreover, damage to the olfactory bulb has been shown in individuals
with Alzheimer’s disease. Odour detection and identification are also damaged in
individuals with Parkinson’s disease, with damage to the amygdala and olfactory
bulb implicated (Kovacs, 2004). The unique anatomy of the olfactory system may
be critical in the investigation of neurological disorders where impairment of smell
has been found. Recall that the olfactory cells are constantly regenerating and that
these fibres connect with the central nervous system. The vulnerability of the ol-
factory structures may well be implicated as a method of entry and access to the
CNS (Kovacs, 2004). Smokers have also been implicated as having worse olfactory
capacity than non-smokers (Vroon et al., 1997). This may be due to adaptation to
the smoke (if tested shortly after smoking) or due to direct damage to the olfactory
system. Paint thinners, glues and other solvents, when inhaled, cause damage to the
olfactory system (painters and cleaners are at risk).

The interplay between taste and smell is critical to the perception of flavour and
hence our enjoyment or displeasure with food. Taste chemicals are released when a
piece of chocolate is placed into the mouth and chewed. Escaping molecules from
the mouth also waft into the nose. Without the sense of smell chocolate actually
tastes quite bitter. It is the combination of taste and smell that provides individuals
with flavour. Notice also that in eating generally individuals do not mix everything
up together but take successive mouthfuls of various foods. This process allows
stimulation of both taste and smell and fluctuating adaptation and inhibition of both
senses (Vroon et al., 1997). Note also that the concentration of the smell will affect
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its perception. Subtle changes to the chemosenses that can occur with injury or age-
ing can affect the individual’s ability to enjoy food and fluids. Modified diets and
thickened fluids have been described as bland and unappetizing. These qualities
have an effect on patient compliance and thus on nutrition and general wellbeing.
Reduced compliance with thickened fluids places individuals at risk of dehydration.
Whelan (2001) reported that for individuals with a diagnosis of acute stroke the
mean daily intake of thickened fluids was 455 ml/day, representing an average of
only 22% of daily fluid requirements. As a result, individuals required supplemen-
tary feeding to improve hydration. An understanding of the chemosenses provides
the clinician with a more holistic outlook on individuals with dysphagia.

The discussion above has highlighted the chemosenses in relation to swallowing.
Touch and pressure receptors are also implicated in modulating swallowing physi-
ology. This has been noted above in the discussions of bolus volume and viscosity.
Interestingly, pain receptors and nociceptors (i.e. pain or injury receptors) are also
regularly stimulated by various foods or food compounds. Carbonation of fluids trig-
gers nociceptors within the oral cavity and presumably pharynx (Dessirier et al.,
2000). Pepper also stimulates pain receptors in the oral cavity (Akal et al., 2004). It
may be possible to use these naturally occurring methods of sensory perception to
improve the swallowing function.

EFFECTS OF CARBONATION ON SWALLOWING

As noted above, taste can affect swallowing physiology due to the provision of sen-
sory information to the nucleus of the tractus solitarius. The nucleus ambiguous
receives afferents from sensory nuclei of the brain stem and importantly from:

« the nucleus of the spinal tract of the trigeminal and
« the nucleus of the tractus solitarius (Barr and Kiernan, 1988).

Neurones from the nucleus ambiguous connect with motor neurones involved in
swallowing. In individuals with dysphagia, increasing sensory awareness of the bo-
lus may improve swallowing outcome. Carbonated water has been found to activate
lingual nociceptors by converting CO, to carbonic acid. The nociceptors in turn ex-
cite trigeminal neurones involved in signalling oral irritation (Dessirier et al., 2000).
It is interesting that a sensation that so many people enjoy is actually caused by the
excitation of nociceptors! Importantly for the purposes of the dysphagia clinician,
the fact that carbonated beverages excite the trigeminal neurones, with their connec-
tions to the nucleus ambiguous, provides potential therapeutic applications.

Due to issues such as patient compliance and fatigue and a desire to maintain
hydration levels in individuals with dysphagia, Bulow et al. (2003) investigated the
effects of carbonated thin fluids on the physiology of swallowing in individuals
who aspirated. The authors found that carbonated thin liquids significantly reduced
penetration when compared to both thickened liquids and thin liquids. Carbonated
fluids were also found to have a reduced pharyngeal transit time when compared



VARIATIONS OF THE NORMAL SWALLOW 87

with both thin and thickened fluids. Bulow et al. (2003) noted that hyolaryngeal
excursion commenced as soon as the carbonated fluids were taken into the oral cav-
ity. In addition, it was noted that there was significantly less pooling in the pharynx
post swallow with carbonated liquids. As noted in Chapter 4, the amount of time a
material dwells within the pharynx will significantly influence the likelihood of it
being drawn into the respiratory system. A reduction in post-swallow pharyngeal
pooling with carbonated fluids makes these fluids attractive for individuals prone to
valleculae or pyriform sinus pooling. Note, however, that the build up of gases from
carbonated fluids may be ill advised for individuals with reflux due to pressure on
the UES and distension of the stomach.

A paediatric study into the use of carbonated fluids in infants who aspirated also
found the effects of carbonation to be beneficial (Newman et al. 2001). The authors
found that the use of carbonated barium reduced the incidence of material in the
pharynx prior to the swallow. Laryngeal penetration was also significantly reduced,
although no significant effect was found for aspiration. The authors noted, however,
that children who did aspirate were more inclined to cough on carbonated barium
than they were on non-carbonated barium. The numbers used in this study were
relatively small, however, and further research is advised. Finally, Njn and McDaniel
(1991) have reported that healthy individuals perceive carbonation intensity to be
higher when the fluid is colder, although it was also dependant upon the level of car-
bonation of the fluid. Clinically, this might suggest that a cold carbonated beverage
may be even more therapeutically beneficial than a carbonated beverage in terms of
oropharyngeal sensory excitation.

SUMMARY

This chapter serves to highlight the considerable variation there is in the normal
swallow. Changes in physiology occur as a function of the bolus (volume, viscos-
ity, solid or fluid), and vessel and method of ingestion (cup, straw etc.). Changes
related to swallowing also occur due to chemosensory input (taste, smell, sensory
receptors). All of this information needs to be considered by the dysphagia clini-
cian when considering what is normal from what is pathological. Normal variation
should never be confused with pathology.
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4 Respiration and Swallowing

JULIE CICHERO

INTRODUCTION

So far we have viewed swallowing as an isolated event. Certainly this is a good place
to start but it is by no means the whole picture. Swallowing is intimately related to
respiration. This chapter focuses on a significant set of information relating to the re-
lationship between swallowing and respiration. Specifically, this chapter addresses:

« the swallow-respiratory cycle;

« neural regulation of respiration for swallowing;

* details of glottic closure during swallowing;

* deglutition apnoea;

* respiratory factors that contribute to or prevent aspiration; and

« the clinical relevance of the interplay between swallowing and respiration.

THE SWALLOW-RESPIRATORY CYCLE

Selley et al. (1989a) aptly describe swallowing and respiration as possessing a type
of ‘biological time share’. Time share is a term that was very popular in the 1980s
and used to describe the concept of a group of individuals purchasing a holiday unit,
for example. One family might stay in the unit for a couple of weeks, another family
for another few weeks and so on. They key to the concept was that although everyone
owned the unit, only one group was in residence at any one time. The same concept
can be applied to the laryngopharyngeal region. The pharynx in particular is the
common pathway (the unit if you like), which is at times used for swallowing, but
for the most part used for respiration. It is also true to the time-share concept in that
when we swallow, we do not breathe and when we breathe, we do not swallow. When
swallowing and respiration co-occur, aspiration is the usual outcome.

THE SWALLOW-RESPIRATORY CYCLE OF HEALTHY INDIVIDUALS

Selley et al. (1989a) found that there is a swallow-respiratory pattern that is activated
during drinking. This pattern has been observed in babies and is also evident through-
out the age continuum to individuals in their nineties. Selley et al. (1989a) describes
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the cycle as follows. As a spoon approaches an individual’s lips there is a small in-
halation. There is then a small exhalation and then apnoea (cessation of breathing)
ensues while the swallow occurs. After the swallow there is an immediate exhalation.
This pattern of a swallow immediately followed by an exhalation occurs in 95% of
all swallows (Selley et al., 1989a). There is a small difference that occurs with cup
drinking — when taking a liquid bolus from a cup there is a period of apnoea while the
bolus is transferred into the oral cavity. Nishino et al. (1985) also reported a pattern
of swallows occurring during the expiratory phase of respiration. When swallows
occurred during the inspiratory phase, the swallow halted the inspiration and was im-
mediately followed by a short exhalation. This is supportive of Selley et al.’s (1989a)
results. Nishino et al. (1985) also reported that there was a significant increase in tidal
volume in the breaths immediately occurring after swallowing. The same result was
found regardless of whether a saliva bolus or a fluid bolus was swallowed.

It is not a chance happening that we usually exhale immediately after a swallow. It
also proves that we do not simply ‘stop breathing’” when we swallow. The relay system
for the respiratory system, the nucleus of the tractus solitarius, is also critical for the
regulation of swallowing. This is no accident. Physiologically it is imperative that
these two systems communicate with each other. Consider the exhalation that occurs
after swallowing. If there is trace residue in the pharynx, then it makes sense that that
residue be expelled upwards towards the mouth via an exhalation, rather than drawn
into the airway during an inhalation. The ramifications extend further, however.
Selley et al. (1990b) contend that without adequate triggering of the swallow reflex,
this special ‘swallow-respiratory’ sequence may be delayed in activation or may not
be activated at all. If the respiratory system is not expecting a swallow and the bolus
‘sneaks up’ on it, the respiratory system is left in jeopardy. Situations like this may oc-
cur if there are deficits in sensory input (see Chapter 1 for further details on triggering
the swallowing reflex). If sensory input is inadequate, it is unlikely that there will be
successful communication between the swallowing centre and the respiratory centre.
The vagus nerve and the glossopharyngeal nerve provide this information. Thus the
usual biomechanical events may be improperly timed, or worse still not timed at all,
allowing food to be ingested while the respiratory system is unprotected. Selley et al.
(1990a) noted that when topical anaesthetic was applied to the soft palate, dorsum of
the tongue and pillars of fauces, the overall regularity of the swallow-respiratory pat-
tern was reduced. Increased oral transit time was noted and post-swallow respiration
was not always expiratory in nature. Post-swallow coughing occurred, which indicated
potential laryngeal penetration or aspiration. Although based on a small number of
subjects, this experiment serves to show the importance of oral afferents in providing
sensory information to the swallowing centre and the subsequent effect this has on the
respiratory centre. In short, poor oral sensory perception adversely affects swallow-
respiratory coordination. Interestingly, blindfolding the subjects, denying them visual
perception of an incoming bolus did not affect swallow-respiratory patterns.

Hiss et al. (2001) have reported lower values of expectation for the ‘exhalation-
swallow-exhalation’ pattern. In a study of 60 individuals they found that exhalation
preceded swallowing in 75% of cases and exhalation followed swallowing in 86% of
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cases. They cited differences in method of bolus delivery to account for differences
between their results and researchers such as Selley et al. (1989a). In another study,
Hirst et al. (2002) reported that 91% of swallows were followed by an exhalation.
This data is more in keeping with the Selley et al. (1989a) results.

THE SWALLOW-RESPIRATORY CYCLE OF DYSPHAGIC INDIVIDUALS

Selley et al. (1989b) have also investigated the swallow-respiratory patterns of
dysphagic individuals with neurological impairment. They found that individuals
with stroke, motor neurone disease and multiple sclerosis had different swallow-
respiratory patterns from those of healthy individuals. Importantly, they found
the swallow-respiratory patterns appeared to be aetiology specific. For example,
the stroke group showed variable respiratory patterns upon spoon contact with
the mouth, a variable length of time from the end of spoon contact to the swallow
and variable respiration immediately after the swallow. In fact 43% of respiratory
events immediately post swallow were inspiratory in nature, compared with only
5% in the healthy population. Similar results have also been reported by Leslie et
al. (2002) who found that fewer stroke patients ‘always breathed out’ post swal-
low and some did not breathe out at all when compared with a control group. Any
residue left in the pharyngeal or laryngeal region could potentially be drawn into
the respiratory system, rather than expelled. In addition, where healthy individuals
showed a fairly consistent pattern of swallow-respiratory behaviour from one swal-
low to the next, this consistency was lost in the stroke population. The multiple
sclerosis group also showed an individual pattern. This latter group showed vari-
able inhalation or exhalation at spoon contact, a prolonged and variable amount
of time between spoon contact and the swallow and apnoea beginning earlier and
lasting for longer than in the healthy group. The motor neurone disease group had
essentially the same swallow-respiratory pattern as for healthy individuals except
that they produced multiple and rapid swallows per teaspoonful of fluid. For all
other groups (both normal and dysphagic), only one swallow per teaspoon of 5ml
was recorded.

By way of explanation, Selley et al. (1989b) suggested that the swallow pattern is
mediated through the swallowing centre. If the swallowing centre does not receive
appropriate information about an incoming bolus, it will not send appropriate mes-
sages to the respiratory centre. For both the stroke and MS subgroups, damage to
nerves important to swallowing (e.g. cranial nerves V, VII, IX, X or XII) means
that there is either insufficient sensory information to trigger the swallow or insuf-
ficient motor action available to complete the swallow safely (see also Chapter 9).
The swallowing areas of the brain stem are unable to communicate effectively with
the respiratory system, leading to abnormalities of the swallow-respiratory cycle as
outlined above. For the motor neurone disease group, there may be some difficulty
in clearing a bolus due to reduced tongue strength, which would afford bolus resi-
due. The residue is picked up by the intact afferent (sensory) receptors, which alert
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Table 4.1 Summary: the swallow-respiratory cycle

Healthy swallow-respiratory Dysphagic swallow-

Timing of events cycle respiratory cycle
Immediately before the Small inhalation Stroke. Variable respiratory
swallow l pattern

small exhalation
During the swallow Apnoea(swallow) Apnoea(swallow)
Immediately after the Immediate exhalation Variable respiratory pattern
swallow post-swallow

the CNS that the bolus has not been adequately cleared and further swallows are
triggered.

Individuals presenting with chronic obstructive pulmonary disease (COPD)
present as another interesting group. During exacerbation of their disease state, these
individuals interrupt the inspiratory phase and resume respiration more often in the
inspiratory phase (Shaker et al., 1992). This is quite the opposite to what we know to
be the normal pattern for healthy individuals. In the COPD group, the coordination
between respiration and swallowing appears to be ‘reset’ during their disease exac-
erbation. It is possible that during an acute exacerbation of COPD, the body dictates
that respiration is the most important function. The provision of sufficient oxygen
may necessarily come at the expense of swallowing safety. The swallow-respiratory
cycle patterns for healthy and dysphagic individuals are summarized in Table 4.1.

NEURAL REGULATION OF RESPIRATION
FOR SWALLOWING

Giving due importance to the task of breathing, there are in fact three respiratory
centres in the brain. The inspiratory and expiratory centres are located in the reticu-
lar formation of the medulla (Kiernan, 1998). These are associated with the nucleus
of the tractus solitarius and the nucleus ambiguous (Sawczuk and Mosier, 2001).
There is also a pneumotaxic area at the level of the junction between the pons and
the medulla in the nucleus parabrachialis. The pneumotaxic centre regulates the
rhythm of inspiration and exhalation and the switch between expiratory and inhala-
tory phases (Kiernan, 1998; Sawczuk and Mosier, 2001).

Inspiration is set in motion via carbon dioxide in the circulating blood. The
amount of circulating carbon dioxide is relayed to the inspiratory centre, which uses
reticulospinal connections to activate the diaphragm and intercostals muscles. There
are also chemoreceptors, which respond to decreases in circulating oxygen in the
blood. Alerted by carotid bodies (these are paired and near the bifurcation of the
carotid arteries) and aortic bodies (near the aortic arch), impulses are transmitted
to the nucleus of the tractus solitarius, which then relays this information to the
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Figure 4.1 Schematic representation of the process of inhalation

respiratory centres. The chemoreceptors are sensitive to a reduction in circulating
oxygen and also an increase in carbon dioxide. Excitation of the chemoreceptors
causes an increase in respiratory activity — i.e. increased respiratory rate. Interest-
ingly, the peripheral chemoreceptors respond more rapidly than for central stimula-
tion (Guyton, 1991). Recall that the inspiratory and expiratory respiratory centres
are located in the reticular formation and that the vagus and glossoppharyngeal
nerves have their nuclei in the nucleus of the tractus solitarius. The nucleus of the
tractus solitarius is adjacent to and synaptically linked with the reticular formation.
The chemoreceptors use the vagus and glossopharyngeal nerves to relay impulses
through the nucleus of the tractus solitarius to the respiratory centres. The response
to a reduction in circulating oxygen is for an increase in rate and depth of breathing.
This reflex operates under any circumstances that produce asphyxia. A schematic
diagram of the respiratory process of inhalation is found in Figure 4.1.

Exhalation occurs when sensory endings in the bronchial tree signal that the
lungs are inflated. Sensory neurones in the vagus nerve transmit this information
to the expiratory centre through the nucleus of the tractus solitarius. Neurones in
the expiratory centre then inhibit the actions of inspiration and the predominantly



RESPIRATION AND SWALLOWING 97

——————————— | Nucleus tractus

solitarius

Vagus nerve

Expiratory centre

!

Inhibits
inhalation

g

Figure 4.2 Schematic representation of the process of exhalation

passive process of exhalation begins. Figure 4.2 is a schematic diagram of the
process of exhalation. The nucleus of the tractus solitarius plays a critical role as a
relay system for the inspiratory centre and the expiratory centre and also, via reflex
arcs, for the pneumotaxic centre. The vagus and glossophayngeal nerves provide
key sensory inputs to this nucleus. These same nerves and nuclei are also criti-
cal for swallowing. For example, stimulation of the internal branch of the superior
laryngeal nerve (a branch of the vagus nerve), can cause swallowing, apnoea and
resetting of respiratory rthythm (Jafari et al., 2003). Note that changes to oxygen
concentration have very little direct effect on the respiratory centre. What directly
affects the respiratory centre and regulates breathing rate is in fact an increase in
carbon dioxide levels.

The discussion above points to the fact that neurones controlling breathing and
swallowing communicate at the level of the brain stem. True to the biological time-
share concept, it has been suggested that the different functions required of the
larynx (during breathing and swallowing) are assisted by reorganization of shared
neural networks. This is significant as it suggests reorganization rather than a course
of separate pathways (Sawczuk and Mosier, 2001). Recently, the hypoglossal nerve
has been implicated in the link between the brain stem swallowing centre and the
respiratory centres (Broussard and Altschuler, 2000; Sawczuk and Mosier, 2001).
More specifically, inspiratory drive is said to influence protrusive tongue movement.
When we inhale we require maximum air passage through the upper airway and into
the trachea. This is achieved by opening the laryngeal and pharyngeal regions medi-
ated by genioglossus, palatal elevator muscles, palatoglossus, palatopharyngeus and
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the posterior cricoarytenoid, which causes the vocal folds to open (abduct) (Sawczuk
and Mosier, 2001). Tongue protrusion (via action of genioglossus) is tied to this act
of maximizing air passage. Individuals who mouth-breathe may be seen to have
their mouths open and tongue slightly protruding. In contrast, tongue retraction is
necessary for initiating orpharyngeal swallowing and the commencement of airway
protective measures such as laryngeal excursion. Given the tongue’s dual role in
both respiration and swallowing, Sawczuk and Mosier (2001: 18) suggest that ‘subtle
changes in the neural control of tongue movement may signal the transition between
respiration and swallowing’.

ADVANCED CONSIDERATIONS — NEURAL INTERPLAY BETWEEN
RESPIRATION AND SWALLOWING

There are a number of small but significant pieces of information that the clinician
may find useful in dealing with complex neurogenic, surgical or neurosurgical cases.
These relate to:

« the role of laryngeal irritant receptors;
» removal of laryngeal irritants; and
e protection of the airway during retching and vomiting.

Laryngeal irritant receptors

Laryngeal irritant receptors are unrelated to the respiratory cycle. They appear to
be superficial as topical anaesthetics can block them. They are activated by me-
chanical and chemical stimuli (e.g. cigarette smoke). Interestingly, there appear to
be different irritant receptors in the larynx to those in the tracheobronchial tree
(Sant’Ambrogio et al., 1995). This has important implications for our understanding
of dysphagic individuals with ‘silent aspiration’. Individuals who ‘silently’ aspirate
do not cough, clear their throat or have wet phonation so as to indicate that mate-
rial has been aspirated. The irritant receptors in the larynx differ from those in the
tracheobronchial tree, which may enable us to begin to unravel the conundrum of
the ‘silent aspirator’. This is illustrated by heart-lung transplanted individuals who
have a poor or absent cough reflex to the inhalation of distilled water (Higgenbot-
tam et al., 1989). The larynx of individuals with heart-lung transplants remains in-
nervated but the tracheobronchial tree is no longer innervated (Higgenbottam et
al., 1989). In an experiment where these individuals inhaled distilled water aerosol,
the majority was reported to be deposited in the central airways (56%) with only
a small amount deposited in the laryngeal/tracheal region (10%). When the vocal
folds were directly stimulated by dropping distilled water directly onto their surface,
all heart-lung transplant patients coughed. This suggests that the vocal folds need
to be directly stimulated in order to provoke a cough reflex in individuals where the
afferent receptors of the tracheobroncial tree or the neural connections from the
tracheobronchial tree may be faulty.
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Removal of laryngeal irritants

The cough reflex is a defensive reflex designed to remove irritant stimuli. The irritant
could be either chemical or mechanical. Apnoea on the other hand is a protective
reflex designed to prevent material from being aspirated in the first place. The cough
reflex has both inspiratory and expiratory components. First, the individual breathes
in. Then the epiglottis inverts and the vocal folds come together to trap the air within
the lungs. Following this the abdominal muscles contract quite strongly, pushing
against the diaphragm and against a closed glottis. Other expiratory muscles also
contract to assist the process of coughing. The result of these events is a build up of
pressure in the lungs. Once the pressure has built up the epiglottis and vocal folds
open up suddenly and widely and the air that has been under pressure in the lungs
explodes upwards into the pharynx. The compression of the lungs also causes the
bronchi and the trachea to ‘collapse towards each other’ and produce narrow slits
for the fast moving air stream to pass through. As a result of this action, any foreign
material is carried on the fast-moving air stream up through the bronchi and trachea
towards the pharynx (Guyton, 1991). When the sudden obstruction of the closed
glottis is released, the ‘linear velocity of air through the larynx is said to approach
the speed of sound’ (Lumb, 2000).

Protecting the airway during retching and vomiting

Gastric contents are high in acid content. If this acidic material is aspirated into the
lungs it will rapidly damage the lung tissue. Aspiration of gastric contents is more
life threatening than aspiration of food or fluid during swallowing. It is discussed
further in Chapter 5. It is imperative that this material be kept out of the lungs.
Vomiting and retching are two occasions where there is the potential to aspirate
acidic gastric contents. The healthy body, is however, well designed to protect the
airway from aspiration of gastric contents. During retching the airway is protected
by glottic closure. This is a very tight glottic closure that is subtly different to the
closure experienced during swallowing. During the effort closure that occurs during
vomiting there is actual adduction of the laryngeal walls including both the true and
false vocal folds. During normal swallowing the false vocal folds do not adduct. The
thyroid cartilage is elevated during effort closure and approximates the hyoid bone
as subglottic pressure increases (Aronson, 1985). Between retches the hyolaryngeal
complex and pharyngeal constrictors elevate and the upper oesophageal sphincter
closes, which helps to protect the airway (Lang et al., 2002). Vomiting occurs dur-
ing the ascending phase of the retch. In addition, there are phases of ascending and
descending hyolaryngeal and pharyngeal muscular movement. Reverse activation
of the oesophagus and pharyngeal muscles occurs in order to expel gastric and/or
refluxed intestinal contents towards the mouth. The laryngeal adductors are maxi-
mally activated in all phases of the vomit (Lang et al., 2002). The effort closure
function of the larynx is also activated during coughing, throat clearing, urination,
defecation and parturition (Aronson, 1985).
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GLOTTIC CLOSURE DURING SWALLOWING

Glottic closure is critical to protecting the airway during swallowing. The first event
of glottic closure is the movement of the arytenoids towards each other (adduction).
After this the arytenoids come together and contact with each other. It is only after
these events that the vocal folds come together. They do not completely come together
until the larynx has begun elevating. In fact it has been observed endoscopically that
the bolus can have reached the pyriform sinuses before true vocal fold closure has
been realized (Ohmae et al., 1995). It has been suggested that the adduction of the
arytenoids creates more space at the posterior end of the airway entrance for the di-
vided bolus to safely enter the pyriform sinuses (Ohmae et al., 1995). The arytenoids
also present as a mechanical barrier to the bolus. In addition, their movement lifts
the aryepiglottic folds like a fist lifts a curtain up high. By pulling the aryepiglottic
folds to height it assists in directing the bolus down into the pyriform sinuses. This
is critical because, as stated above, the true vocal folds don’t close until the bolus is
well into the pharyngeal region.

Closure of the true vocal folds is the ‘last frontier’ in protection of the trachea
and airway. The cords have three different closure patterns. Interestingly, only one
closure pattern results in closure of the cords along their entire length. The other
two patterns leave a separation between the cords, either (a) slit-like along the en-
tire length, or (b) leaving a small gap at the posterior region (Shaker et al., 1990).
This is an important point — this ‘last frontier’ is not the full mechanical barrier we
might imagine it to be, and this is entirely normal. In healthy individuals it rarely
presents a problem. In dysphagic individuals poor vocal fold mobility is a contrib-
uting factor to reduced airway protection (Sellars et al., 1999). It is also important
to note that the false vocal folds generally do not come together during swallowing
(Shaker et al., 1990).

Until this point, the role of the epiglottis has not been mentioned. The epiglottis is
a broad flat structure with its base attached to the medial surface of the thyroid carti-
lage via the thyroepliglottic ligaments. It is also attached to the base of the tongue via
a mucous membrane (Aronson, 1985). During swallowing the epiglottis descends to
cover the laryngeal inlet. Movement of the epiglottis is predominantly a biomechani-
cal event. It has little choice in the matter. The epiglottis covers the laryngeal inlet
as a result of pressure from the tongue base above, in combination with lifting of
the laryngeal system from below. The tongue base exerts pressure below it when de-
livering the bolus to the pharynx. The epiglottis is subject to the pressures from the
tongue base, and these push the epiglottis away from the tongue base and towards
the posterior pharyngeal wall. At the same time, laryngeal elevation effectively
knocks the ‘feet’ of the epiglottis out from under it due to its connection with the
thyroid cartilage. The combination of pressure from above and upward movement
from below causes the epiglottis to move like a trap door and to come down over the
top of the laryngeal inlet. This is not to say that it fits like a cork and forms a tight
seal in this position. It is merely a mechanical barrier. Much like a rock in a stream,
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the epiglottis provides an obstacle to the fluid. The fluid will tend to move around
the epiglottis and follow the path into the pyriform sinuses. In addition to arytenoid
movement and epiglottic movement detailed above, these two structures also move
towards each other to help achieve airway closure (Logemann et al., 1992).
Succinctly, then, to achieve glottic closure the following events occur in order:

« the arytenoids move towards each other and then come into contact with each
other;

« the vocal folds start to come together and the larynx begins its upward and
forward movement;

« the epiglottis begins its descent as a combination of pressure from above (tongue)
and movement from below (laryngeal excursion);

« the arytenoids tilt or lurch forwards towards the base of the epiglottis and the
epiglottis moves towards the arytenoids effecting arytenoid to base of epiglottic
closure;

« the epiglottis assumes its horizontal position.

The true vocal folds may or may not be completely adducted along their full length
when the bolus moves through the pharynx. Return to rest of the epiglottis depends
on release of the tongue base movement and the elastic properties of the epiglottic
cartilage (Logemann et al., 1992).

Airway closure is important in protecting the airway during the act of swallow-
ing. An efficient swallow, however, is also dependent upon the respiratory system;
namely adequate subglottic air pressure. The lack of subglottic pressure is most
keenly demonstrated in the tracheostomized population. In this population, the air-
way is brought forward via a tracheostomy tube to the anterior neck region. The
individual breathes directly through the tracheostomy tube and there is nothing to
impede the flow of air into and out of the trache tube (i.e. no subglottic pressure).
The tracheostomy population is discussed in detail in Chapters 5 and 9. Researchers
have found that when subglottic pressure is restored in the tracheostomized popula-
tion that aspiration is markedly reduced (Eibling and Gross, 1996; Suiter et al., 2003)
and that the velocity of bolus transit through the pharynx appears to be improved
(Eibling and Gross, 1996). Eibling and Gross (1996) state that subglottic pressure
peaks during swallowing. During speech, air flows out from the lungs and causes
pressure under the glottic ‘shelf’ (the vocal folds). A certain amount of pressure will
force the vocal folds open but then a sudden drop in pressure below the cords causes
a suction effect and with the aid of elasticity of the ligaments, the cords are drawn
back together again. This is the basic principle behind the production of speech.
Successive bursts of air are released into the space above the vocal folds and these
puffs of air vibrate the vocal folds and cause phonation to occur. A change in sub-
glottic pressure, then, is intimately linked to whether the vocal folds come together
or not. We know that the vocal folds are drawn together during swallowing to assist
in protection of the airway. Subglottic pressure is, therefore, very important to the
vocal folds being able to achieve closure during swallowing. There are a number
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of mechanisms by which subglottic closure can be improved. In the person with
a tracheostomy these include: decannulation or use of a one way speaking valve.
For non-tracheostomized individuals it may include use of the ‘supraglottic swallow
technique’ (discussed in Chapter 11) and muscle strengthening targeting this region
(e.g. Valsalva manoeuvre). Surgical interventions to optimize glottic closure include
medialization thyroplasty and vocal fold injection (Eibling and Gross, 1996). These
techniques are also discussed in Chapter 11.

DEGLUTITION APNOEA

Two mechanisms have been proposed to explain the occurrence of deglutition ap-
noea. Deglutition apnoea is a result of either

« a glottic closure mechanism; or
« acentrally mediated response during swallowing.

The trigger produces an apnoeic period where respiration ceases, however, the glot-
tis may or may not be closed during this apnoeic interval (Perlman et al., 2000).
Deglutition apnoea should occur before the bolus is propelled into the pharynx and
should also be maintained for as long as there is any material in the pharynx. The
bolus should have left the pharynx before deglutition apnoea finishes and normal
tidal respirations recommence. Variations to deglutition apnoea as a result of volume
and viscosity are also provided.

TWO MECHANISMS OF DEGLUTITION APNOEA

Does deglutition apnoea occur because the laryngeal mechanism is mechanically ‘shut
down’ during swallowing, or does it occur secondary to a neural command? Hiss et al.
(2003) found a novel way of addressing the issue. Individuals who have undergone
a laryngectomy have anatomically separate respiratory and swallowing systems. In
brief, the larynx is removed and the opening to the trachea is rerouted to the anterior
of the neck. The individual with laryngectomy breathes through a stoma in the neck.
Food, however, continues to be ingested through the mouth, into the pharynx and via
the oesophagus into the stomach. If deglutition apnoea is only due to mechanical clo-
sure forces of the larynx during swallowing (i.e. closure of the arytenoids, closure of
the vocal folds, and closure of the epiglottis), then deglutition apnoea should no longer
be seen in individuals who have undergone a laryngectomy. Physiologically there is
no longer a need for deglutition apnoea — there is no longer a shared respiratory and
swallowing pathway. So Hiss et al.’s (2003) question was simple — was deglutition ap-
noea maintained in the laryngectomy population? The answer was that it was. With-
out a larynx, and with no physiological need for deglutition apnoea, individuals with
laryngectomy still exhibited deglutition apnoea. In fact, their periods of deglutition
apnoea were nearly triple that of intact healthy individuals. There are two important
pieces of information to take from this study. Firstly, that deglutition apnoea exists in
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individuals who physiologically no longer need it points to a neural command that is
activated for deglutition apnoea to occur. It shows that the mechanics of closing the
larynx are not (solely) responsible for initiating and maintaining deglutition apnoea.

Why then do individuals with laryngectomy produce longer periods of deglutition
apnoea? Hiss et al. (2003) report that deglutition apnoea is most likely associated
with the duration of the pharyngeal phase and or the opening of the upper oesopha-
geal sphincter. If material remains in the pharynx or if the UES fails to open suffi-
ciently, material will remain in a precarious position — to be breathed in the moment
a large inspiratory breath occurs. Information about the pharyngeal phase is most
likely mediated by mechanoreceptors in the pharynx and these provide an afferent
feedback loop to the brain stem. Individuals with laryngectomy are reported to have
pharyngeal phases twice as long as those of healthy intact individuals (0.6 s healthy;
1.2 s laryngectomy) (Hiss et al., 2003). The reasons for increased pharyngeal phase
include:

« an absence of hyolaryngeal excursion to open the UES thus delaying and inhibit-
ing entry of the bolus into the oesophagus; and
« increased pharyngeal resistance.

Both of these events will increase the amount of time that the bolus spends in the
pharynx. Hiss et al. (2003) suggest that mechanoreceptors in the pharynx are alerted
that a bolus remains in the pharynx and pass this information to the brain stem. The
brain stem responds by continuing to inhibit respiration. This explains the signifi-
cantly longer periods of deglutition apnoea in individuals with laryngectomy com-
pared with healthy intact individuals. It is interesting to note, however, even 1 year
post-laryngectomy deglutition apnoea was preserved. Hiss et al. (2003) suggest that
in addition to the concept of a dedicated neural command for deglutition apnoea
emanating from the brain stem, that deglutition apnoea may also be a habitual motor
response. It would be interesting to see if individuals with very long-term laryngec-
tomies still produced an apnoeic response during swallowing. The concept of neural
plasticity and the potential abolishment of deglutition apnoea is fascinating. Inves-
tigation of individuals who had undergone a pharyngectomy or laryngopharyngec-
tomy and received a jejunal graft may throw some light on the concept of deglutition
apnoea being mediated by sensory receptors in the pharynx as outlined above.

FACTORS AFFECTING DEGLUTITION APNOEA

Having established that even individuals with laryngectomy continue to produce
deglutition apnoea, even when it is no longer required physiologically, what other
variables influence deglutition apnoea? Hiss et al. (2001) investigated the effects
of age, gender and bolus volume on deglutition apnoea. All of these variables were
found to affect deglutition apnoea. Hiss et al. (2001) found that swallowing apnoea
duration increased with increasing age. This is complimentary to physiologic infor-
mation of changes in aged swallowing — elderly swallows are slower than younger
swallows (see Chapter 2). Deglutition apnoea was shown to be on average, 0.84 s for
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young individuals (20-39 years); 0.92s for middle aged individuals (40-59 years)
and 1.10s for elderly individuals (60—83 years). This data is complimented by the
results of Hirst et al. (2002). Hiss et al. (2001) also found that deglutition apnoea
was longer in females than in males. The reason for this may be due to anatomical
differences between males and females. Females are reported to have a longer UES
opening time than males and so boluses of similar size may take a longer period
of time to pass through the relatively smaller UES in the female as opposed to the
male. Interestingly, however, the gender differences noted for bolus swallows were
different to what happened with saliva swallows. In swallowing saliva males showed
decreased deglutition apnoea duration as they aged, whereas women showed an in-
creased period of deglutition apnoea as they aged. These results suggest that saliva
should be considered as a physiologically independent bolus. Indeed the deglutition
apnoea associated with saliva swallows was often many times longer than the swal-
low apnoea duration recorded for a 20 ml swallow, regardless of age. This is an inter-
esting finding given that the average bolus size for a saliva swallow is approximately
1 ml. The reasons for the differences between saliva swallows and bolus swallows
are not well understood. As hinted at above, deglutition apnoea also changes as a
function of bolus volume. Specifically deglutition apnoea increases with an increase
in bolus volume.

Deglutition apnoea and bolus volume

Martin et al. (1994) reported that the duration of apnoea is quite similar for 3ml,
10ml and 20ml bolus volumes; i.e. it was approximately 1s (1.09 = 0.27s). These
results are similar to those reported by Perlman et al. (2000). This is contrary to the
results of Hiss et al. (2001) who found that deglutition apnoea duration increases
with increases in bolus volume. However, for a very large volume, such as 100 ml
as ingested during continuous straw drinking, the apnoeic period was noted to be
considerably longer (7.71s = 5.51s) (Martin et al., 1994). Also of interest was the
fact that these large volume swallows were more inclined to produce an inspiratory
post-swallow breath, going against the norm of the expiratory post-swallow breath
production. Physiologically these results should not be a surprise. After being with-
out air for 7s, it is likely that chemoreceptors have alerted the respiratory centres
to drops in circulating oxygen and increases in carbon dioxide, hence triggering an
inspiratory event. As Martin et al. (1994) note, healthy individuals do not gasp for
air after swallowing or report shortness of breath. However, for dysphagic individu-
als, particularly those with concurrent respiratory difficulties (e.g. chronic obstruc-
tive pulmonary disease — COPD), the mere act of swallowing may jeopardize their
fragile respiratory system. In this case, the likely scenario is that a swallow is inter-
rupted in order to ‘take a breath’. This act can end up doing more harm than good
though if aspiration is the outcome. Any lack of coordination between respiration
and swallowing, such as that which might occur after a stroke, would have similar
consequences. Table 4.2 provides a summary of the healthy and dysphagic degluti-
tion apnoea durations.
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Table 4.2 Summary: healthy and dysphagic deglutition apnoea durations

Healthy individuals
Healthy individuals 100 ml boluses

3ml, 10ml, 20ml (continuous Factors affecting
boluses drinking) Dysphagic individuals deglutition apnoea
1.09s(£0.27s) 771s(x5.515) Stroke Age

Some had no difference ~ Gender

to healthy, others Bolus volume

had apnoeic periods

of between 10-20s!
Laryngectomy:

Nearly triple the period
of deglutition apnoea as
healthy individuals

Leslie et al., 2002.

Deglutition apnoea and bolus viscosity

Investigators have found that the viscosity of the bolus does not affect the duration of
deglutition apnoea. Thin and thickened boluses (paste) have been found to produce
similar durations of deglutition apnoea (thin 0.788 + 0.318s; paste 0.742 £ 0.278s)
(Perlman et al., 2000; Leslie et al., 2002). Leslie et al. (2002) compared healthy indi-
viduals with post-stroke dysphagic individuals. They found there to be no significant
difference in the duration of swallowing apnoea between the two groups for water
and yoghurt consistencies. Both groups maintained levels of approximately 0.75s.
These findings were consistent despite the fact that the post-stroke group showed
abnormal swallow-respiratory patterns as compared with the healthy group.

RESPIRATORY FACTORS THAT CONTRIBUTE
TO OR PREVENT ASPIRATION

Morton et al. (2002) investigated a group of individuals with known dysphagia in
addition to poor control of respiration. They found that, for those who aspirated, the
bolus or bolus residue remained in the pharynx for a significantly longer amount of
time. Premature spillage or delayed swallow onset might have resulted in material
entering and dwelling in the pharynx prior to the swallow. Alternatively, the mate-
rial may have remained in the pharynx after the swallow due to inadequate pharyn-
geal clearance or poor laryngeal elevation during the swallow. For individuals who
aspirated, material remained in the pharynx for approximately 6s, whereas for non-
aspirators the material only remained in the pharynx for 2.4 s. It was not merely the
fact that material was left sitting in the pharynx that distinguished individuals who
aspirated from those individuals who did not aspirate. Individuals were far more
likely to aspirate if:
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« they left material in the pharynx for a long time (i.e. 65);

e during the time that the material was in the pharynx the individual spent a large
percentage of the respiratory cycle in the inspiratory phase (e.g. 31.1%); and

« if the individual showed severely abnormal respiratory patterns during this period
characterized by high velocity or chaotic respiratory patterns.

In fact, this type of disordered breathing was likely to induce aspiration even if the
time in the pharynx was quite short. Morton et al. (2002) state that in individuals
with poor swallow respiratory coordination, aspiration results from an interaction
between:

« the amount of time material dwells in the pharynx;
« the amount of time spent in inspiration; and
 abnormality of the respiratory rhythm.

Children with Rett syndrome often present with dysphagia. This is due to a combi-
nation of oropharyngeal abnormalities and unusual respiratory patterns character-
ized by hyperventilation and periods of apnoea. Individuals with Rett syndrome
can present with significantly delayed oropharyngeal transit times (Morton et al.,
1997). Some individuals have been reported to take up to 27s from spoon contact
with the lips to the time of the swallow. In healthy individuals this time would be 1s.
Given the significant amount of time that the bolus was held within the oropharynx,
one might assume that a portion of the bolus was aspirated. However, aspiration
did not occur. During oropharyngeal manipulation and transport, the individuals
showed apnoea intervals interspersed with regular and controlled respiratory pat-
terns before the swallow took place. Compare this with an individual who took 6s
to generate a swallow and showed intermittent apnoeas interspersed with irregular
and sharp inspirations. The latter individual was noted to aspirate. The control and
regularity of respiration appears, therefore, to be vitally important to whether the
respiratory system can be protected even in situations of ‘grave danger’.

During smaller volume swallows (3—20ml) the airway is protected by the ap-
noeic period beginning before the swallow (0.30s) and continuing after the onset of
swallowing (1.12s). Differences are noted, however, for the 100ml swallow where
the apnoeic period begins 0.84s before the swallow and continues after swallow
onset (0.68s). These results indicate that respiratory activity stops just before laryn-
geal elevation. The apnoeic period occurs during the swallow, but then ends before
completing the swallow. Perlman et al. (2000) concur that when apnoea begins, the
bolus head is either in the oral cavity or the valleculae, and when apnoea ends, the
bolus head is well into the oesophagus. Martin et al. (1994) found that the majority
of subjects produced a short expiration during descent and reopening of the larynx.
It is this post swallow gesture that has been termed the ‘glottal release’ in the dis-
cussion of cervical auscultation (see Chapter 7). Perlman et al. (2000) also reported
finding a highly consistent event immediately following the period of deglutition
apnoea. They reported this event to be the release of a valved seal, potentially at
the level of the glottis. Lang et al. (2002) reported that during swallowing in dogs
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the airway is protected by laryngeal elevation and glottic closure, followed imme-
diately by brief activation of the laryngeal abductors, thereby momentarily open-
ing the glottis. The authors suggested that this immediate laryngeal abduction after
the swallow may allow the escape of pressurized subglottal air, thereby removing
material from the laryngeal vestibule. The expiratory burst post swallow may be
very important in preventing trace or chronic aspiration. The action of expelling air
upwards post swallow would remove residue from the immediate laryngeal region,
positioning it in the pharynx. In the pharynx the material could then be swallowed,
coughed up or expectorated. In any event the respiratory system is kept free from
potential ‘debris’.

CLINICAL RELEVANCE

If material is pooled in the pharynx, it is important that actions do not occur that will
draw it into the respiratory system (i.e. the trachea and its subsystems). A longer pe-
riod of apnoea or a prolonged expiration — both components of the supraglottic swal-
low technique — may assist in protecting the individual from aspiration if pharyngeal
pooling is a significant feature of the dysphagia. Respiratory rhythm should also be
integrated into the management of dysphagic individuals. Chaotic breathing (i.e.
variations in depth and rate of respiration) is only likely to increase the likelihood
of aspiration. Interestingly, a careful pattern of low velocity and regular breathing
can reduce the likelihood of aspiration of the pooled material, even in the presence
of pharyngeal pooling. Morton et al. (2002) indicate that this pattern of integrating
a safer respiratory pattern with an impaired swallowing system is common in people
with Rett syndrome, and means that aspiration is often avoided.

Morton et al. (2002) stress that the respiratory system, specifically respiratory
control, should be treated alongside dysphagia. They suggest that, when an indi-
vidual is being fed, the caregiver should be cognizant of the timing of the respiratory
phase. In addition, the caregiver should allow sufficient time for the dysphagic indi-
vidual to swallow and regain respiration before the next bolus is presented. Smaller
boluses may be useful in reducing the amount of material that pools in the pharynx,
however, the clinician should also be aware that the bolus should be large enough
to trigger a sensory response in the oral and pharyngeal phases of swallowing (see
Chapter 3).

There is further evidence to suggest that it is imperative that swallowing and
respiration be viewed simultaneously. Individuals who present with dysphagia post
stroke should be assessed for regularity of breathing pattern, both at rest and dur-
ing feeding. Leslie et al. (2002) found that more than 25% of stroke patients who
presented with clinical signs of dysphagia also had disordered breathing patterns. In
these individuals apnoeic periods varied between 10s to 20s and were then followed
by eight to 12 breaths. These findings had been ‘clinically silent’ prior to investiga-
tion of breathing patterns in the group. Recall that for healthy individuals, the period
of deglutition apnoea is usually less than one second! The investigators also found
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that the post-stroke group had faster respiratory rates than the control group during
resting respiration.
The Leslie et al. (2002) study raises some questions:

« Isthe abnormal respiratory pattern a feature of stroke? If this is the case, is the cha-
otic breathing the catalyst for difficulty coordinating respiration and swallowing?

 Alternatively, does impaired oropharyngeal function (premature spillage or insuf-
ficient pharyngeal clearance) cause changes in respiratory patterns? In this case
the dysphagia contributes to the abnormal respiratory pattern.

It may also be possible for both scenarios to occur at the same time, particularly
where the nucleus of the tractus solitarius has been specifically affected.

RESTING RESPIRATORY RATE

Resting respiratory rate should also be considered. The work of Leslie et al. (2002)
suggests that abnormalities in resting respiratory rate may give subclinical markers
to individuals at high risk of developing chest infections. This is due to suspected
lack of swallow-respiratory coordination, or impairments to the person’s ability to
regulate breathing, which then impact upon swallowing. Respiratory rate is meas-
ured by counting the number of breaths taken in one full minute. It is possible to
count the number of breaths taken in 15s and multiply by four; however, this method
is more prone to error than measurement over one full minute. The normal resting
respiratory rate for adults is 16—24 breaths/minute (Hooker et al., 1989). Women are
noted to have a faster respiratory rate that men (women mean rate = 20.9; men, mean
respiratory rate = 19.4). Tachypnea, or an elevated respiratory rate can be defined as
a respiratory rate exceeding 24 breaths per minute (Hooker et al., 1989). Note also,
that lung infections and pneumonia are associated with an increased respiratory rate
(Hooker et al., 1989). Normal respiratory rates are shown in Table 4.3.

Table 4.3 Normal respiratory rates
(breaths per minute)

Standard
Age Mean deviation
0-1 years 39 11
1-2 years 30 6
2-3 years 28 4
3—4 years 25 4
4-5 years 27 5
5-6 years 23 5
67 years 25 5
7-8 years 24 6
Adult male 19.4 4
Adult female 20.9 39

Source: Hooker et al., 1989; Hooker et al., 1992.
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There is also some suggestion that, in older individuals, respiratory rate may in-
crease marginally immediately after swallowing, showing a variation from a resting
respiratory rate of 15.6 breaths/minute to 17.3 breaths/minute immediately after
each swallow (Hirst et al., 2002). Note that, although the difference was statistically
significant, both values fall within the normal respiratory rate range for adults, ac-
cording to Table 4.3.

Respiratory rate values are higher in young children. Respiratory rate is inversely
related to age, that is, the younger the person, the higher the respiratory rate. In chil-
dren under the age of 1 year the range was 22 to 65 breaths/minute with an average
of 39. Between the ages of 1 to 2 years this falls to a mean of 30 breaths/minute.
Between 2 and 3 years the rate drops again to 28 breaths/minute and for 3 to 4 years
to 25 breaths/minute. From 4 to 7 years there are fluctuations between 23 to 27
breaths/minute. By 8 years of age and beyond, respiratory rate is equivalent to the
adult range (Hooker et al., 1992). Respiratory rates are detailed in Table 4.3. In the
paediatric populations, elevated respiratory rates have been associated with pneu-
monia, asthma, bronchiolitis, salicylism and sepsis (Hooker et al., 1992).

CONCLUSION

Finally it is imperative that swallowing be viewed as part of a continuum with respi-
ration. The integrity of the swallowing system, the respiratory system and the links
between the two are critical for maintaining safe swallowing.
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S Medical Management of Patients
at Risk of Aspiration

RODD BROCKETT

INTRODUCTION

Aspiration is the syndrome where either regurgitant stomach contents or oropharyn-
geal contents end up travelling past the larynx into the trachea and lungs. Thereafter,
there may or may not be infection (tracheobronchitis or pneumonia). It has been
estimated that approximately 10% of cases of community-acquired pneumonia are
actually aspiration pneumonia (Moine et al., 1994). There are no data on the inci-
dence of aspiration itself.

In this chapter we will consider the risk factors for aspiration, the outcomes of
aspiration, what the signs and symptoms of aspiration are and what the alternatives
to normal oral nutrition are for patients at risk of, or with, aspiration. We will also
discuss tracheostomy tubes.

I have kept references to a minimum — the references cited exemplify ‘consensus’
viewpoints. The recommended reading article is basically a brief overview of the
medical aspects of aspiration, written for general practitioners.

RISK FACTORS FOR ASPIRATION

The risk factors for aspiration include anything that impairs consciousness, gastro-
esophageal reflux, or any cause of dysphagia. It is more common amongst the elderly
because of their increased risks of dysphagia, the events associated with impair-
ment of consciousness and gastroesophageal reflux disease. For instance, it has been
shown that the risk of aspiration pneumonia is increased threefold amongst residents
of nursing homes (Marrie et al., 1986), probably because of their decreased level of
consciousness and/or the presence of clinical or subclinical dysphagia.

MECHANISMS THAT PROTECT THE RESPIRATORY TRACT

The protective mechanisms for the airway during swallowing are described in detail
in Chapters 1 and 4. The swallow reflex is described in greater depth in Chapters 1,
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2 and 3. There are three key mechanisms to protect the respiratory tract from the
aspiration of oropharyngeal or gastric secretions/contents: the cough reflex, swal-
lowing reflexes and the oesophageal sphincters. The cough reflex is activated when-
ever an irritant gas or fluid or particles contact nerve receptors within the larynx.
It involves the explosive contraction of expiratory muscles against the closed vocal
cords that then suddenly open allowing the forced exhalation out (hopefully carrying
the irritant with it). It does not matter whether the irritant is breathed in, aspirated
or transported up the mucociliary escalator (see below). The oesophageal sphincters
alternately relax and then contract to allow food through — this is an involuntary or
reflex action that occurs once the patient has voluntarily moved the food bolus to the
pharynx from the mouth. The sphincters also contract in a reflex fashion when there
is distension of the stomach to keep stomach contents out of the oesophagus and
ultimately the larynx/oropharynx.

GASTROESOPHAGEAL REFLUX

The importance of adequate functioning of these sphincters becomes clear in light
of gastroesophageal reflux. Gastroesophageal reflux is the syndrome whereby
gastric contents spontaneously move back up the oesophagus into the pharynx.
This can be due to mechanical problems with swallowing (see below), due to ana-
tomical problems such as a hiatus hernia (where part of the stomach is above the
diaphragm, thereby rendering the lower oesophageal sphincter ineffective), weak
lower oesophageal sphincter (especially relative weakness when opposed by grav-
ity when bending over or opposed by obesity) and gastric stasis (also known as
gastroparesis, where the stomach fails to empty and move food along in a timely
fashion). Gastroparesis is particularly common in hospital patients because any
severe illness will cause gastric dysmotility such that gastric emptying is slowed
down.

IMPAIRED LEVEL OF CONSCIOUSNESS

There are multiple causes of impairment in level of consciousness. Head injury, ther-
apeutic general anaesthetics or administration of sedative drugs, intentional or un-
intentional drug overdose, seizures, toxaemia from infection, cerebrovascular acci-
dents or intracranial haemorrhage are just some of the many causes of deterioration
in a patient’s level of consciousness. A cerebrovascular accident is the interruption of
blood supply to part of a patient’s brain resulting in death of part of the brain and is
very common. Mendelson’s syndrome of aspiration pneumonitis was first described
in the postoperative course of patients receiving a general anaesthetic for obstet-
ric conditions, where the twin problems were increased abdominal pressure forcing
gastric contents (in a patient who was both non-fasting and, due to labour, suffering
from gastroparesis) back past the lower oesophageal sphincter and the anaesthetic
abolishing the sphincter’s tone and reflex contraction.
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CAUSES OF DYSPHAGIA

Dysphagia, or disordered swallowing, likewise has a multitude of causes that can be
further divided into mechanical (muscular) or neurological. Mechanical problems
include pouches, webs, strictures and surgical changes. A muscular disorder called
achalasia, which is due to a disorder of smooth muscle in the wall of the oesophagus,
can cause the lower oesophageal sphincter to fail with free reflux of gastric contents
back up the oesophagus with the possibility of aspiration. Neurological causes can
include upper motor neurone causes such as cerebrovascular accidents, tumours, hy-
drocephalus and rarer disorders such as motor neurone disease, Parkinson’s disease
and multiple sclerosis just to name a few. Of patients who suffer a CVA, 40% to 70%
will have swallowing dysfunction (Kidd et al., 1993). These are called upper motor
neurone lesions because they affect the nerve cells and transmitting nerve fibres that
are above the lower motor neurone system. The lower motor neurone system is the
nerve cell body, transmitting nerve fibre, the junction between the nerve fibre and
the muscle and the muscle itself. This is basically located in the lower part of the
central nervous system known as the brain stem, which lies between the cortex and
the spinal cord. Lower motor neurone diseases include myasthenia gravis, general
debility, malnutrition, hypophosphataemia (refeeding a starved patient can cause
this), other electrolyte abnormalities and lesions such as bleeding/trauma/stroke to
the brain stem.

CONSEQUENCES OF ASPIRATION: PNEUMONIA
AND PNEUMONITIS

Aspiration may or may not end up in pneumonia. Pneumonia is the active infection
of lung tissue by an infectious agent — which might be bacterial, viral, fungal or
other rarer organisms — with resultant inflammatory changes. Pneumonitis is the
sterile inflammatory changes in the lungs without the growth of infectious agents.
The two can occur simultaneously or separately but aspiration pneumonia is usually
preceded by aspiration pneumonitis. Aspiration pneumonia mostly involves bacte-
rial infection, although a small subset may have fungal agents implicated.

It is suggested that even common causes of community acquired pneumonia,
such as the bacteria Streptococcus pneumoniae, Mycoplasma pneumoniae, and
Haemophilus pneumophila and viruses such as adenovirus, respiratory synctial
virus, influenza and parainfluenza, usually colonize the oropharynx first before be-
ing aspirated down into the lungs to cause pneumonia. The oropharynx is normally
colonized by fairly benign and non-virulent organisms. Certain risk factors increase
the risk of colonization of the oropharynx with more virulent organisms such as
gram negative bacilli or MRSA (‘golden staph’). These include prolonged hospitali-
zation, exposure to antibiotics, significant medical diseases (chronic heart or lung
disease, diabetes, renal failure, liver disease), invasive (via a tube) ventilation and
smoking.
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Most people do not develop complications from these subclinical aspiration
syndromes because of the small amounts of fluid involved as well as the defence
mechanisms that protect the tracheobronchial tree and lungs from infection. Of
course, large aspirated amounts will overwhelm these defences. The defence mech-
anisms include coughing, active ciliary transport and immune reactions. The mu-
cociliary escalator is the combination of the mucus lining that coats the airways
and traps small particles (larger particles are usually deposited on the oropharynx
or nasopharynx and are filtered out by the nostrils) in the airway, as well as bac-
teria, and the minute hairs that whisk the trapped small particles up the trachea
to the vocal cords to be coughed out or swallowed. The immune reactions include
humoral immunity, mediated by antibodies to the infectious agent, cellular immu-
nity, mediated by cells such as T lymphocytes, and innate immunity, mediated by
alveolar macrophages and secreted toxins within the alveolus (air sac). Weaken-
ing of these defences will increase the risks of acquired infection from aspiration
of even these small amounts. Weakening can be done by things such as smoking,
which impairs coughing and the mucociliary escalator. The mucociliary escalator
can also be impaired by general anaesthetics, viral or bacterial infections, and even
intubation for ventilation. Cough can be impaired by anything that affects respira-
tory muscle strength such as chronic obstructive lung disease, or any factor that
depresses the level of consciousness, or lower motor neurone disease. Drugs such
as chemotherapy to treat cancer or immunosuppressive drugs such as steroids to
treat overactive immune systems can all weaken the humoral and cellular immune
systems. A myriad of diseases can also damage the immune system, ranging from
diabetes through heart failure to autoimmune diseases where an overactive immune
system actually attacks the body. Finally, inhaled toxins (such as asbestos and those
in cigarette smoke), viral infections and starvation can damage the innate immune
systems.

ASPIRATION PNEUMONITIS

As mentioned earlier, pneumonitis is a sterile inflammatory change in the lungs
without the growth of infectious agents. The inhalation into the lungs of sterile stom-
ach contents causes Mendelson’s syndrome. This is a chemical injury to the lung tis-
sue caused by the acidic nature of the stomach fluids — as outlined above it was first
described in pregnant patients in labour undergoing emergency operative deliveries
under general anaesthetic. The acidic nature of the stomach fluids usually keeps
such fluids free of organisms. However, the use of anti-ulcer therapy, particularly in
ventilated patients often allows the stomach contents to become colonized with the
same organisms as the oropharynx. Other factors may also increase the chances of
such colonization, including use of enteral feeds (common in intensive care units),
gastroparesis or small bowel obstruction. Such colonization increases the risk of
pneumonia in the event of aspiration of stomach contents, although, of course, most
aspiration episodes involve oropharyngeal secretions that are already colonized with
such organisms.
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Aspiration of sterile stomach contents leads to a chemical burn of the trachea,
bronchi and lungs. It usually requires more than 30 ml to cause such a burn (James
et al., 1984). Aspiration of particulate matter such as undigested or semi-digested
food will increase the likelihood of pneumonia, and, in particular, lung abscesses,
developing and has been suggested to increase even the severity of pneumonitis.

Aspiration pneumonitis may result in quite dramatic signs and symptoms. It may
also be totally silent clinically — 63% of patients with known aspiration have been
found to have no symptoms/signs (Warner et al., 1993). However, it was also sug-
gested in the same study that those that did acquire symptoms were more likely
to need more intensive support, such as ventilation and antibiotics, and were more
likely to die. Symptoms that might be seen after an aspiration episode include cough,
wheeze, fevers or chills, rigors, breathlessness or chest pain. Signs that might be
elicited include temperatures, wheeze, crackles, bronchial breathing, reduced chest
expansion, fast (often shallow) respirations, hypotension or cyanosis (a blue tinge to
the skin). Bronchial breathing is where the breath sounds heard at the peripheries of
the lung sound like those heard through the stethoscope over the centre of the lung.
This is best noticed by observing that normally there is a small gap between the
inspiratory noise and the expiratory noise at the periphery — in bronchial breathing
there is no such gap. Simple testing may show a low oxygen level in the blood — low
arterial or transcutaneous saturations — or radiological signs such as atelectasis (col-
lapse) or consolidation. The natural tendency is for aspirated material to go down
the right side of the tracheobronchial tree into the right lower lobe because the right
main bronchus is straighter and more in alignment with the trachea. Therefore, ra-
diological and clinical signs tend to be best seen at the right base/lower zones. These
signs and symptoms are summarized in Table 5.1.

In simple terms, the principles of management of an acute episode of aspiration
are as follows. The patient should be placed either head down to facilitate drainage
of the fluids or in the lateral recovery position to try to minimize further aspiration.
The witness should call for help, preferably trained help such as medical officers or
nursing staff. Then suctioning should be done to clear the oropharynx. Antibiotics

Table 5.1 Signs and symptoms of an aspiration episode

Clinical signs Specific respiratory signs Radiological signs
* Cough * Breathlessness or chest * Lung atelectasis (collapse)
* Wheeze pain or consolidation
* Fevers or chills * Wheeze o Specifically right base
e Rigors e Crackles or lower zones
* Increased temperature * Bronchial breathing

(38.0°C) * Reduced chest expansion

* Hypotension or cyanosis Fast (often shallow)
respiration
* Low oxygen saturation

levels
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may or may not be prescribed — it is my practice to withhold antibiotics unless the
patient’s physiological reserve is too small to tolerate the further insult of pneumonia
as not all aspiration will result in infection. Chest radiographs may or may not be
obtained, either as a baseline or to show the pneumonitis. If the patient produces
sputum, samples should be taken and sent off to culture organisms. If impairment
of gas exchange is severe enough, the patient may be moved to the intensive care
unit and ventilation, either invasive via an endotracheal tube or non-invasive via a
mask, may be initiated. Of course, further assessment is indicated once the patient’s
clinical condition stabilizes to lessen the risk of a repeat episode of aspiration (see
Chapters 7, 8 and 14).

ASPIRATION PNEUMONIA

Aspiration pneumonia is an infection of the lungs caused by aspiration of oropha-
ryngeal secretions or gastric contents down the trachea, past the glottic barrier.
Aspiration can also lead to airway obstruction from laryngeal oedema (or foreign
object such as a ‘steak bolus’). It can also be a cause of an asthma attack (in those who
are susceptible, especially asthmatics) or even a chronic cough. It can be associated
with lung abscess, which can be the endpoint of a necrotizing pneumonia caused by
a virulent (or more vicious) organism or due to obstruction of the airway to a part
of the lung by foreign material (such as food), or even a chronic interstitial fibrosis
(Irwin, 1999).

I will briefly outline the principles of medical management of aspiration pneu-
monia (i.e. infectious state). Antibiotic therapy is unequivocally indicated in these
patients. Likewise, a chest radiograph is indicated. Surgery or thoracocentesis
(drainage of the pleural/chest cavity by needle or operating telescope) may even be
indicated. Otherwise, symptoms, signs, treatment and investigation are much as for
aspiration pneumonitis. It can be very difficult to distinguish aspiration pneumonitis
from pneumonia in the short term — with the passage of time, the difference will
usually become clearer.

MANAGEMENT OF PATIENTS AT RISK
OF OR WITH ASPIRATION

Unfortunately, the only dietary alternatives for the individual with aspiration or at
risk of aspiration is to either (a) modify the diet mechanically to lessen the risk of
aspiration or (b) to provide sustenance in an alternative form and via an alternative
route. Diet modification is discussed in Chapter 11.

ALTERNATIVES TO THE ORAL DIET

Basically, the alternatives to an orally based diet come down to parenteral (into a
vein) or nasogastric (this is a form of ‘enteral feeding’). The diet can either be purely
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fluids or can be nutritional supplements. Enteral feeding is in general preferred to
parenteral feeding. This is because the enteral route is definitely cheaper and easier.
Itis also less associated with infection —nasal tubes do cause sinusitis, but parenteral
feeding lines become infected much more commonly. Enteral nutrition is felt to
maintain gut integrity better than parenteral nutrition and it is therefore felt that it
will probably reduce the risk of systemic infections — but the jury is still out on this
issue.

Non-oral feeding

Nasogastric feeding is not the only alternative to the intravenous method — feeds
can also be placed down a nasojejunal or percutaneous endoscopically placed gas-
trostomy (PEG) tube. A PEG tube is placed through the abdominal wall into the
stomach to allow feeding. The placement of PEG or nasojejunal tubes is supposed
to reduce the risk of aspiration, but unfortunately clinical practice has not borne this
out. There is an increased chance of reaching nutritional targets but no decrease in
the incidence of aspiration pneumonia (Park et al., 1992; Spain et al., 1995). Basi-
cally feeding tubes whether through the mouth, nose or abdominal wall only offer
differences in amount of food being consumed and not in the risk of colonized oral
secretions ending up down past the larynx. Oral secretions are discussed in detail
in Chapter 6. Percutaneous endoscopically placed gastrostomy tubes are usually in-
serted for nursing convenience — particularly for nursing home care — as they are
easier to maintain and less likely to dislodge. Nasojejunal tubes are usually preferred
in situations where the stomach is either paralysed (gastroparesis) or has been op-
erated on, such as in critical care units. Here, the food is instilled straight into the
small bowel.

Minimum targets: nutrition and hydration

There are certain nutritional minimal targets that need to be achieved to sustain
life in the first instance and ensure a healthy individual in the second instance by
permitting wound healing and providing a functioning immune system. A detailed
assessment of nutritional matters is beyond the scope of this chapter. In brief, one
looks at body weight and recent change in weight. Muscle bulk, grip strength and
skin thickness are easily assessed and a history of weight loss is a significant indica-
tor of suboptimal nutrition.

The minimum daily water requirements are not precisely known but it is de-
sirable to have a water intake of approximately 30 to 40ml/kg/day for an adult
(Ganong, 1995). This equates to about 2 to 3 L for the average person. The human
kidney needs a minimum of 6 ml/kg/day of urine to perform the functions of excret-
ing acids, toxins, metabolites and salts. This is maximally concentrated urine and
equates to about 500ml per day for the average person. The average person, in an
air-conditioned hospital, loses about 500ml a day in sweat. Therefore, the average
person would need at least 1 L of water per day. These figures assume normal kidney
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function and do not include situations such as febrile patients or patients who have
lost the heat and moisture exchange role of the nasopharynx by being ventilated.

It is also necessary for patients to receive electrolytes — the salts that are needed
to ensure blood and extracellular volume. The major electrolytes are sodium and
potassium — the human body needs approximately 2 mmoles/kg per day of sodium
and 1 mmole/kg per day of potassium (Ganong, 1995) — corresponding to about
150 mmoles per day of sodium and 70 mmoles per day of potassium for the average
person. This is not difficult to achieve in the average diet but has to be factored in to
the equation when the only source of fluids is intravenous. A bag of ‘normal saline’
contains, for instance, 1 L of water and 150 mmoles of sodium. It has no potassium.
So, if one were to add 60 mmoles of potassium to the bag and infuse it into a patient
over a day, one would barely meet that patient’s fluid requirements but one would
meet all their electrolyte requirements. Other fluids can be used, such as 3% dex-
trose and 1/3 saline, which contains only 50 mmoles of sodium in 1 L. If one were
to add 20 mmoles of potassium per bag and give 3 L per day, one would give the
patient enough of both fluids and the key electrolytes. This is a simplistic view that
does not take into consideration trace elements, such as selenium, copper or zinc, or
even more common elements such as magnesium or calcium. Nor does it take into
account vitamins.

You also need to consider calories or energy needs. The average person who has
been well nourished and has no intercurrent stress (such as an infection or surgery
or trauma) can survive for at least 4 weeks if fluid and electrolyte requirements
are attended to (Ganong, 1995). However, this approach is likely to lead to severe
protein-energy malnutrition (PEM). This has a number of consequences. There is
impairment of the patient’s immune defences leading to increased risk of infections
(wound, lung, intravenous cannula site, and urinary tract). Patients suffer a loss of
muscle bulk resulting in profound weakness leading to problems mobilizing, weak-
ened swallowing and difficulty in weaning off ventilation. There is also impaired
wound healing leading to wound dehiscences, anastomotic leaks and infections of
wounds. It is frequently stated that 30% of patients are admitted to hospital with
PEM, but 70% are discharged with PEM (Shronts and Cerra, 1999). The 3% dex-
trose and 1/3 saline fluid regimen listed above for instance would only supply about
360 calories per day. The patient lying quietly but awake at rest needs a minimum
of about 25 calories per kg per day — about 1,500 to 1,800 calories per day. The
postoperative or trauma patient might need up to 3,600 calories a day, even if heav-
ily sedated and being fully ventilated. Nevertheless, it will not harm most patients
to have a very reduced caloric intake for 2 to 3 days as long as fluid and electrolyte
needs are attended to.

Parenteral and enteral nutrition are techniques that are used to provide the nec-
essary calories as well as the water and electrolytes that patients need. Detailed
discussion of the various formulae and their indications and complications are
beyond the scope of this chapter. Roughly about 50% of the daily caloric needs
are given as carbohydrates, 30% as fat and the rest as protein (the body needs ap-
proximately 1.2 to 1.5 g/kg/day of protein — 100 g per day for the average patient).
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These proportions are varied according to the clinical need of the patient. Most
enteral feeds are 1 calorie per ml. Parenteral feeds are usually prepacked within a
sterile pharmacy and contain solutions of lipids (fats), amino acids (protein) and
glucose (carbohydrate) with trace elements, electrolytes and minerals added. You
may read about immunonutrition — the addition of certain amino acids (predomi-
nately glutamine and arginine) or fats (omega 3 fish oils or polyunsaturated fatty
acids) — in augmenting either type of feed. These are currently not fully proven
therapeutic options.

Assessment and modification of diet and other measures

Assessment of the swallowing function (including the gag reflex) in all patients who
have suffered a likely aspiration syndrome (whether pneumonia or pneumonitis) is
obviously essential. Assessment of swallowing function is detailed in Chapters 7,
8 and 14. When in doubt, one should carry out an assessment, as aspirations can
frequently be silent.

All individuals at risk of aspiration (see above) should probably be assessed as
well. Assessment should be by a qualified speech pathologist. There has been a
vogue within the US critical care community to use fibreoptic endoscopic safety
swallowing examination to look for food dyes in awake and non-intubated patients
to diagnose silent aspiration. This was in accordance with most expert opinion until
a randomized trial proved that, although patients with prolonged endotracheal intu-
bation were at risk of aspiration after extubation, the addition of such an endoscopic
examination of the larynx and trachea did not change the incidence (Barquist et al.,
2001). Usual care consisting of speech pathology review and appropriate dietary
modification was not inferior to the high technology of looking directly down at the
vocal cords and upper trachea. Fibreoptic endoscopic evaluation of swallowing func-
tion is detailed in Chapter 8 and the clinical examination of dysphagia is discussed
in detail in Chapter 7.

Further measures to reduce the risk of aspiration are basically simple, usually
mechanical, things. These include regular oral hygiene care and nursing patients,
especially if consciousness is reduced, either in the lateral recovery position, the
30-degree head-up position, or both. Certainly positioning ventilated patients in
half-sitting posture reduces the risk of ventilator associated pneumonia (Drakulovic
et al., 1999). Ventilator associated pneumonia (VAP) is only different from normal
‘community-acquired’ pneumonia in that the organisms involved are different and
usually more virulent/toxic to the body. It is associated with a longer duration of ven-
tilation, longer length of stay in ICU, and high mortality rate — it is therefore worth
reducing the risk of its occurrence. Gastroesophageal reflux can be reduced by ele-
vating the head of the bed and by the use of weight reduction in the long term. Drugs
that lower the oesophageal sphincter’s tone — such as alcohol, chocolate, peppermint,
caffeine and tea — should be avoided. Anti-ulcer therapy may reduce the acidity of
reflux and aspirated fluid, thus lessening the damage done by any aspirated fluids
from the stomach and prokinetics such as metoclopramide and erythromycin will
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speed up gastric emptying thus lessening reflux. Ways of reducing gastroesophageal
reflux are as follows:

« Elevation of the head of the bed.

« Positioning patients in sitting postures.

» Remain upright after meals for at least 20 minutes.

» Reduce consumption of substances that lower oesophageal sphincter tone:

alcohol;
chocolate;

— peppermint;
caffeine;

— tea.

Anti-ulcer therapy:

— pharmaceuticals to lessen the acidity of reflux and aspirated fluid;
— pharmaceuticals to speed up gastric emptying, lessening the chance of reflux.

SITUATIONS REQUIRING USE OF TRACHEOSTOMY TUBES:
IMPLICATIONS FOR INDIVIDUALS AT RISK OF
OR WITH ASPIRATION

Tracheostomy tubes present a special situation. They are most often used to facili-
tate weaning from the ventilator in critical care units. Ventilation is the provision of
support to a patient’s lungs by the application of positive pressure (or set volumes)
either through a tube, as we are discussing here, or through a mask. Endotracheal
tubes, which are tubes running from outside the patient through either the nose or
mouth to the trachea, have a significant amount of dead space. Resistance to gas
flow to and from the patient’s lungs through a tube is inversely related to the fourth
power of the radius of the tube and directly related to the length of the tube. Using
a tracheostomy usually eliminates about 20 cm of tube compared with an endotra-
cheal tube. This substantially reduces the resistance offered by the tube, which
becomes very important when switching from ventilator-supported spontaneous
breathing to unsupported spontaneous breathing. This is the final step just before
extubation or decannulation. Tracheostomies are also favoured in longer term ven-
tilation because they allow weaning of the often heavy sedative regimens required
for ‘tube tolerance’ in the patient with an endotracheal tube. Tracheostomies have
a reduced risk of a much-feared complication of long term use of an endotracheal
tube — laryngomalacia — where the larynx and/or tracheal cartilages soften to the
point where they collapse during inspiration, thereby being a cause of upper airway
obstruction once the tube is removed. They also allow more mobility, the possibility
of discharge to the ward once off ventilatory support (thereby freeing up the bed for
the next patient), and the recommencement of oral food and fluids under the guid-
ance of the speech pathologist.
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INDICATIONS FOR THE INSERTION OF TRACHEOSTOMY TUBES

The indications to insert tracheostomies are to bypass upper airway obstruction,
provide easy access to the airway for aspiration of tracheobronchial secretions and
for weaning from ventilatory support (Silva, 1999) (the most common reason). The
causes of upper airway obstruction are most often acute — burns, foreign bodies, cor-
rosive gas/liquid exposure, infections or trauma. Occasionally such obstructions are
slower in onset, especially if neoplastic in origin. Access to the airway for aspiration
of secretions is most often needed in the post-intensive care setting when patients
recovering from pneumonia or infective exacerbation of chronic obstructive lung
disease are still producing copious amounts of secretions. The cough is very often
weakened in this situation because of the inability of intensivists to provide enough
nutrition in the acute illness setting to overcome the body’s tendency to break down
muscles (including the diaphragm, accessory muscles and the intercostal muscles).
It is debatable that even the delivery of enough calories would make a difference
as the body produces certain chemical messengers (hormones and cytokines) that
drive this process of muscle breakdown and prevent utilization of energy, whether
delivered directly intravenously or indirectly enterally. Tracheostomy for ventilatory
support has been mentioned previously.

This said, the most common reason for insertion of a tracheostomy is for the fa-
cilitation of weaning long-term ventilated patients from the ventilator. In Australia,
we tend to use the cutoff of 2 weeks to define long-term ventilation — this does not
mean that one necessarily waits 2 weeks, but if you think ventilation is very likely
to be longer than two weeks, a tracheostomy is considered at the first clinically safe
and technically feasible occasion. This is a historical practice that is currently being
subjected to randomized trials of early versus late tracheostomies to try to work out
the ideal time to insert one for patients with prolonged intubation. Indications for
insertion of tracheostomies are as follows:

 To bypass upper airway obstruction. For example:

— burns;

foreign bodies;

— corrosive gas/liquid exposure;
infections;

trauma.

» To provide easy access to the airway for aspiration of tracheobronchial secretions.
For example:

— post intensive care when recovering from pneumonia or infection exacerbation
of chronic obstructive lung disease (COAD/COPD);
— to wean patients from ventilatory support.

It is important to note that a tracheostomy tube does not guarantee protection from
aspiration. It has been reported that aspiration may occur in up to 15% of patients
managed with a tracheostomy (Irwin, 1999). It is believed that tracheostomies
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reduce the risk of aspiration but there is very little solid scientific evidence to con-
firm this. Nevertheless, one must never assume that just because a tracheostomy
is in place, even with the cuff balloon inflated, the patient is safe from aspiration
and its consequences. A good general rule is always assume the cuff is not work-
ing and carry out all the mechanical procedures to minimize the risk of reflux and
aspiration.

There are various sizes of tubes and various other technical innovations. Almost
all are equipped with a cuff and are now made of a silicon based material. The
cuff allows inflation and occlusion of the airway to material from above — this, as
mentioned previously, does not guarantee protection from aspiration and it has been
noted that even the use of suctioning ports above the cuff does not reduce that risk.
Smaller tracheostomies — the so-called ‘mini-trach’ — are often used in those patients
with a weakened cough and/or excessive secretions to facilitate ‘tracheal toilet’. If
the patient is not constantly on the ventilator, he or she can have a tube with holes
(fenestrated) placed in or have a speaking valve put on the tracheostomy (with the
cuff deflated) — these devices allow the passage of air from the lungs and up the
trachea over the vocal cords. The speech pathologist’s role in the assessment and
management of swallowing and communication for individuals with tracheostomy
tubes is detailed in Chapter 9.

Endotracheal tubes are associated with a change in the reflexes needed for swal-
lowing due to changes in neurological sensitivity, muscular dysfunction and suba-
cute injury even if the tube has only been in less than one day. These changes usually
resolve rapidly and rarely need any formal intervention (DeLarminat et al., 1995).
Should formal swallowing therapy be required, these would follow the principles
outlined in Chapters 11 and 12.

COMPLICATIONS OF TRACHEOSTOMY

Complications of tracheostomy are in the order of 6% to 50% with mortality rates of
0.9% to 4.5% (Silva, 1999). The most serious complications are bleeding, misplace-
ment of the tube and obstruction. Bleeding can occur at an early stage — this is most
often likely to be local and is more of an irritation than a serious concern. If it occurs
at a late stage this is often serious, with 50% being due to erosion into the innominate
artery (supplying the right arm and side of the head/brain) with catastrophic conse-
quences. Misplacement may occur after dislodgement with faulty replacement, or as
an initial insertion problem, and leads to a failure to ventilate. Obstruction is most
often due to dried out and viscous secretions but can also be due to bleeding. There
are a multitude of other complications — stoma infections, nerve injury (particularly
the recurrent laryngeal nerve), pneumothorax, lung collapse, tracheo-oesophageal
fistula and laryngomalacia.

From the speech pathology point of view, the major complications of tracheos-
tomy are dysphagia and aspiration. Dysphagia and aspiration can have potentially
serious and devastating outcomes, especially if they lead to a severe aspiration
pneumonitis with acute respiratory distress syndrome (ARDS), which carries a
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mortality rate of 40%. The cuffs are now designed to be more compliant even with
high volumes of air in them resulting in less over-distension and less pressure on
the airway — also most intensive care unit protocols call for either a leak test or
a check of the cuff pressure to prevent excessive pressures being present in the
cuff. Despite this, the cuff is often described in retrospect by patients as feeling
like an orange stuck in the throat on attempting to swallow. A good general rule
is to let the cuff down as soon as the patient is off the ventilator, especially when
the patient is in the sitting position. Tracheostomies lead to delayed swallow trig-
gering and pharyngeal pooling of contrast material on videofluoroscopy (DeVita
and Spierer-Rundback, 1990). There is poorer anterior movement of the pharynx
in swallowing and laryngeal elevation is decreased as well. This is mostly due to
fixation of the trachea to the skin by the tracheostomy although compression of
the oesophagus by the cuff also plays a role. As mentioned before, endotracheal
tubes can desensitize the nerves of the oropharynx and, likewise, tracheostomies
and prolonged fasting/nil by mouth can desensitize the nerves involved with the
sensation and coordination of swallowing. This leads to a loss of protective re-
flexes such as the cough or gag reflex and the reflex closure of laryngeal opening,
which contributes to lack of coordination of the swallowing process. This greatly
increases the risks of aspiration. Techniques for the remediation of swallowing can
be found in Chapter 12.

INDICATIONS FOR REMOVAL OF TRACHEOSTOMIES

Indications for removal of tracheostomies are: complications of the tracheostomy
tube, successful weaning from the ventilation, strengthening cough or decreasing
secretions or removal/resolution of the obstructive process in the upper airway. Basi-
cally, as soon as there is no further indication for the tracheostomy and the patient
is considered safe, the tracheostomy should be removed. This decision should be ar-
rived at after close coordination between the clinician caring for the patient and the
speech pathologist reviewing the patient. It does not mean that one has to wait until
the swallow is normal before removing the tracheostomy. The process of consulta-
tion and review does not stop there — depending on the underlying pathological proc-
ess, the patient may never recover a normal swallowing process and most patients
after decannulation will require ongoing speech pathology review.

SUMMARY

Aspiration is often clinically silent. Therefore, those at risk of aspiration should be
assessed by a qualified professional (a speech pathologist) before being allowed to
have oral intake. Risk factors are readily identifiable — anything that interferes with
muscle coordination or strength particularly cerebrovascular accidents or anything
that depresses the level of consciousness. Those that have aspirated need to be ob-
served closely for deterioration. Aspiration can make patients very sick whether by



PATIENTS AT RISK OF ASPIRATION 125

infection (pneumonia) or by the chemical burn to the lung (pneumonitis). Patients
may require intensive care support and even invasive ventilation. The care of a pa-
tient who has suffered aspiration or a patient who is coming off a tracheostomy
requires close liaison between the clinician and the speech pathologist.
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6 Saliva Management

HILARY JOHNSON and AMANDA SCOTT

This chapter introduces the role of saliva in maintaining oral health and assisting
the swallowing process. Drooling or saliva loss may occur where one or more of the
phases of swallowing is impaired. The issues related to assessment and consequent
treatment are outlined.

INTRODUCTION

Saliva is an important substance in the mouth. Many of us only discover its importance
when our mouth becomes dry while presenting at an important speaking engage-
ment. Apart from moistening our tongues and lips while speaking, saliva has several
major functions, which include the lubrication of the bolus for ease of swallowing, the
maintenance of oral hygiene, and the regulation of acidity in the oesophagus. Where
a person has no oral motor deficits there may still be problems with saliva production,
which can result in changes in saliva viscosity. This may affect swallowing, and result
in increased dental caries and periodontitis. Poor saliva control can occur in people
with developmental, acquired or progressive disabilities. Hypersalivation is rare and
not usually a cause of drooling (Tahmassebi and Curzon, 2003). Where a person has
oral motor difficulties the problems with saliva may result in saliva overflow (also
called drooling or dribbling) and cause embarrassment and social isolation. Drooling
is usually considered normal until a child is over 2 years of age (Morris and Dunn
Klein, 2000). However some children with no obvious neurodevelopmental disabili-
ties may drool until six or seven years (Johnson et al., 2001).

DROOLING IN CHILDREN

Drooling among children with cerebral palsy has been estimated at from 10%
(Ekedahl, 1974) to 37% (Van de Heyning et al., 1980). Tahmassabi and Curzon (2003)
suggested that, in children with cerebral palsy and an intellectual disability, drooling
becomes less apparent after the development of permanent dentition. Thus for some
children saliva overflow may decrease with age. There are no separate prevalence rates
available for those with an intellectual disability or other neurological conditions.

Dysphagia: Foundation, Theory and Practice. Edited by J. Cichero and B. Murdoch
© 2006 John Wiley & Sons, Ltd.
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DROOLING IN INDIVIDUALS WITH COMPLEX COMMUNICATION
NEEDS OR DEVELOPMENTAL DISABILITY

An Australian study of people with complex communication needs found 29% of
individuals had saliva control difficulties (Perry et al., 2002). People with acquired
neurological conditions frequently encounter saliva control problems. Drooling in
these conditions is related to impairment of oral control rather than an increase in
saliva production. Secretion control problems are seen in adults where dysphagia
occurs after multiple strokes involving both cerebral hemispheres or following a
brain stem stroke. The problem is usually worse in the acute phase but may con-
tinue to be an issue depending on the site and extent of infarction (Smithhard,
1997).

People with developmental disabilities, in particular cerebral palsy, often retain
immature swallowing patterns. A tongue-thrust pattern is frequently associated with
drooling. In this case, instead of the tongue collecting the saliva and then elevating
itself to press against the hard palate to push the saliva into the pharynx, the tongue
protrudes and retracts in much the same way an infant’s tongue moves. This tongue
thrust pattern becomes more apparent as the person matures because the space in
the oral cavity increases, resulting in protrusion of the tongue during the oral phase
of swallowing and drooling.

DROOLING IN ADULTS

Progressive neurological conditions are also associated with saliva control problems.
In Parkinson’s disease the characteristic paucity of movement affects the usually au-
tomatic, spontaneous swallowing of saliva. Consequently saliva pools in the mouth
and drooling results. The stooped posture of Parkinson’s disease contributes to
drooling behaviour. Drooling is most prominent when the anti-Parkinsonian medi-
cation is not effective. This is referred to as the ‘off” period (Clarke et al., 1998). As
Parkinson’s disease progresses the individual’s response to the medication dimin-
ishes and longer and more frequent ‘off’ periods are experienced. For this reason
drooling is very common in advanced Parkinson’s disease.

Impaired saliva control is also a prominent feature of motor neurone disease.
This relates directly to bulbar impairment resulting in dysphagia. The tongue is par-
ticularly affected in motor neurone disease (Robbins, 1987) and consequently saliva
cannot be collected and propelled into the pharynx. Because pharyngeal impairment
frequently co-occurs with oral impairment, aspiration of saliva may be a problem.

Understanding the mechanism of saliva flow and production is essential if one is
to understand the management of the range of difficulties with saliva.

SALIVA

Saliva is produced by three major paired sets of major salivary glands — the parotid,
submandilular and sublingual glands — and by the minor salivary glands, which are
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Submandibular and
sublingual ducts
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Figure 6.1 Position of the salivary glands
Source: PRO-Ed, Inc.
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scattered throughout the mucosa of the oral and pharyngeal cavities. The parotid
glands are most active during chewing when the mechanical stimulation of the mas-
seter and pterygoid muscles results in secretion of saliva via Stensen’s ducts into the
mouth in the region of the second molars. The submandibular glands secrete via
Wharton’s ducts, which are located on either side of the frenulum. Secretions from
the sublingual glands flow through the ducts of Rivius, situated on the floor of the
mouth (see Figure 6.1).

The structure of the salivary glands is typical of all exocrine glands, being com-
posed of small structures called acini, into which the epithelial cells secrete saliva,
and ducts that transport the saliva. The parotid glands only produce serous secre-
tions whereas the submandibular and sublingual glands produce both serous and
mucoid secretions. Salivary function is under autonomic control. Parasympathetic
input increases the amount of saliva associated with eating and drinking. Sympa-
thetic input reduces the quantity of secretion when not eating or drinking and during
physical activity (see Figure 6.2).

The average person produces and swallows approximately 600 ml of saliva a day
(Watanabe and Dawes, 1988). Saliva collects in the mouth and coats the surface in a
thin film (0.1 mm). Saliva moves in the mouth at specific velocity (0.83—7.6 mm per
min), which varies according to where it is in the mouth (Dawes et al., 1989). This
movement of the saliva is important to protect the teeth from developing caries.

SWALLOWING SALIVA

Keeping the mouth moist and hygienic requires us to swallow regularly and effi-
ciently without loosing any saliva out of the mouth onto the lips or chin. Frequent
swallowing avoids the pooling of saliva in the mouth, the dribbling of saliva when
we incline our head, or the spraying of saliva when we talk. It is not known whether
the trigger for a saliva swallow is at the same point as for a nutritional swallow but it
is possible these are different (see Chapter 3).

A mature swallow is characterized by the oral phase (a voluntary phase) and a
pharyngeal phase (an involuntary phase). These phases are discussed in detail in
Chapter 1. The oral phase is considered to be more influenced by cortical func-
tion whereas the pharyngeal phase is thought to be mediated within the brain stem
(Bass, 1997). As with speech, the movements of the oral phase of swallowing can
be defined as a learned motor sequence (Daniels, 2000). The swallowing sequence
is executed so frequently that it becomes automatic; however, because it is under
volitional control it is readily modifiable.

The obvious difference between swallowing saliva and swallowing food and
drink is a comparative lack of anticipation when swallowing saliva. Sensory inputs
of smell and vision, the proprioceptive information as the hand moves towards the
mouth and pressure perception when a spoon touches the lips focuses an individual’s
attention onto the activity of eating of drinking and primes the swallowing mecha-
nism for action (Selley et al., 1989a, 1989b). Once in the mouth the size, taste, tem-
perature and texture of the bolus further stimulate the swallow sequence. Saliva is
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swallowed in the context of comparatively low stimulation and the amount and type
of cortical input into the process may be less than for eating and drinking. These in-
puts lack the strong sensory input of food and fluid but effective swallowing of saliva
relies on an intact sensory system that is able to detect relatively small amounts of
secretions within the mouth and pharynx (see Chapter 1 for further information).

ASSESSMENT OF SALIVA SWALLOWS

The swallowing of saliva boluses has not been as rigorously studied as the swal-
lowing of food and drink. This is partly due to the difficulty of imaging the saliva
swallow. In most cases ultrasound has been used to image saliva swallows (Sonies
et al., 1996). The ultasound technique was pioneered by Barbara Sonies and al-
though it has been used elsewhere by other researchers (Kenny et al., 1989) it has
not gained wide acceptance as a clinical tool. Limited use of ultrasound to study
swallowing may be due to the level of skill needed to interpret the images. It is a
safe non-invasive technique that can be applied to a child or adult in any position.
The ultrasound transducer is placed beneath the individual’s chin and a dynamic
image of the swallowing process can be seen on the screen. This can be done repeat-
edly and audio and video recordings can be made, allowing detailed analysis. It has
potential for measuring and visualizing the swallowing of saliva among individuals
with various disabilities.

Cervical auscultation has shown promise for measuring swallowing frequency in
different populations (Cichero, 1996; Allaire and Brown, 2004). A clicking sound
can be heard when we swallow. This has been described as two or three clicks de-
pending on whether it is a dry or wet swallow (Cichero, 1996). These sounds are
best heard through a stethoscope, microphone or accelerometer. The best location
for placing the stethoscope has been extensively studied (Takahashi et al., 1994).
Takahashi recommended that the sensor be centrally placed just below the cricoid
cartilage. This procedure is non-invasive; however, the assessor needs to be trained
in listening to the sounds in order to interpret the swallow sounds. The value of this
method is that it can be used on any participant who can tolerate a stethoscope on the
neck for a short time, does not involve radiation exposure and is highly portable. The
cervical auscultation technique is discussed in detail in Chapter 7.

Intact pharyngeal sensation is necessary for the initiation and execution of the
swallow reflex. Secretions in the pharynx must be cleared regularly to ensure that
they are not aspirated. Problems with secretion management are often related to
dysphagia and pharyngeal impairment has potentially more serious health conse-
quences than drooling. Consequently, information gained through videofluoroscopic
assessment of swallowing function is useful when planning management strategies
for secretion problems. Videofluoroscopy provides information regarding jaw clo-
sure, the ability of the tongue to propel material from the oral cavity into the phar-
ynx. Further, it enables the effectiveness of the pharyngeal structures in clearing the
material to be assessed, including determination of pharyngeal pooling of secretions
(Logemann, 1998).
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Pooling of secretions within the pharynx and larynx, and aspiration, can be read-
ily observed during fibreoptic evaluation of the swallowing function. Whilst the
presence of pooled secretions within the pharynx can be inferred by characteristic
wet or gurgling breath and vocal sounds, it is difficult to quantify the extent and po-
sition of pooled secretions using audition alone. A fibreoptic endoscopic assessment
technique is the most effective method of accurately assessing the extent of pharyn-
geal pooling of secretions (Murray et al., 1996; Langmore, 2001). This technique
entails the insertion of a flexible endoscope through the nasal cavity and into the
pharynx enabling the direct visualization of the presence of pooled secretions. Se-
cretions within the laryngeal vestibule and trachea can also be seen, thus determin-
ing whether aspiration of secretions is occurring or at risk of occurring. Aviv et al.
(1998) describe a modification of this procedure that includes the delivery of puffs
of air to pharyngeal and laryngeal structures to assess sensation. Using this method
the clinician can establish whether the presence of pooled secretions in the pharynx
is related to poor detection of their presence. Both videofluoroscopy and fibreoptic
endoscopic assessment of swallowing function are discussed further in Chapter 8.

Individuals with compromised airway protection during swallowing are at risk
of developing aspiration pneumonia. A number of researchers have reported a close
relationship between poor oral health, which has been found to be more prevalent in
those reliant on others for oral care, and the consequent presence of harmful bacte-
ria in saliva and the development of aspiration pneumonia (Langmore et al., 1998;
Scannapieco, 1999; Terpenning et al., 2001).

FREQUENCY OF SWALLOWING

The swallowing rate varies throughout the day depending on ingestion of food and
liquid (Lagerlof and Dawes, 1984; Sheppard et al., 2003) volume of saliva flow and
oral clearance (Lagerlof and Dawes, 1984; Rudney and Larson, 1995) and the level
of activity of the individual (Lear et al., 1965). Kapila et al. (1984) estimated healthy
adults swallow at a rate of 1.27 +/— 0.2 swallows per minute while (Watanabe and
Dawes, 1990) found the swallowing rate in five year old children was 1.6 +/— 0.6
swallows a minute. These differences relate to the amount of fluid flowing into the
person’s mouth.

A low rate of swallowing frequency is commonly cited as a reason for drool-
ing. There are different opinions cited in the research into swallowing frequency in
children in cerebral palsy. Sochaniwskyj et al. (1986) found that children with cer-
ebral palsy and drooling swallowed at 45% of the normal rate and that non-drooling
children with cerebral palsy swallowed at 75% of the normal rate. Lespargot et al.
(1993) found that children with cerebral palsy who drooled swallowed at three times
the rate as those who did not drool. They pointed out that the cerebral palsy children
who drooled all had remaining liquid in their mouths after swallowing compared to
the two other groups of children (typical children who did not drool and children
with cerebral palsy with good saliva control) who did not have remaining wetness.
Lespargot et al. (1993) suggested that the lack of an efficient oral suction phase,
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where there was no rapid propelling movement of the saliva such that it dripped off
the posterior surface of the tongue, might have been a factor that led to remaining
liquid in the mouth. Thus there was a need to swallow more frequently. Usually after
a swallow some moisture (0.8 ml) will remain in the mouth and Lagerlo6f and Dawes
(1984) refer to this as the residual volume. This residual volume is reduced after a
forced swallow.

ORAL HYGIENE AND ITS IMPORTANCE IN REDUCING
THE RISK OF ASPIRATION

As mentioned previously, saliva is important for maintaining healthy gums and
teeth. Extra saliva may be produced where there are irritants in mouth and this
has been reported by parents in association with teething in young children (Wake
et al., 1999). However, it is rare for any drooling to be associated with the eruption
of permanent dentition.

The presence of dental plaque, caries and periodontitis not only leads to extra
saliva but increases harmful bacteria in the saliva. If this is aspirated into the lungs
it may lead to aspiration pneumonia (Langmore et al., 1988; Murray et al., 1996;
Langmore et al., 1998; Langmore et al., 2002). The conditions of aspiration pneu-
monia and pneumotitis are described in Chapter 5. The presence of pathogenic bac-
teria resulting from the person experiencing gastro-oesophageal reflux can lead to
the erosion of molar teeth. The regular application of good oral hygiene techniques
will assist in decreasing the possibility of increased saliva due to poor dental health.
Techniques such as using mouthwashes and brushing and flossing correctly can sig-
nificantly reduce chronic gingivitis (Francis et al., 1987).

XEROSTOMIA

Oral dryness or xerostomia is experienced when there is damage to the salivary
glands. The salivary glands are particularly susceptible to damage by ionizing radia-
tion used to treat people with head and neck cancer. Doses required to destroy tumour
cells are higher than those that destroy secretory cells within the salivary glands.
Recently, the use of intensity-modulated radiotherapy has lessened the dose deliv-
ered through the region of the salivary glands by delivering radiation via a series of
beams in an arch surrounding the target tumour. This enables maximum radiation
doses to be summated within the tumour whilst distributing the dose throughout the
non-targeted tissues (Symonds, 2001; Eisenbruch et al., 2003).

Another common cause of xerostomia is Sjogren’s syndrome (see Chapter 9). This
condition is a chronic autoimmune disease in which the exocrine (mucus-secreting)
glands are destroyed. Sjogren’s syndrome is one of the most prevalent autoimmune
disorders. These disorders affect more women than men at a 9:1 ratio. Although
Sjogren’s syndrome occurs in all age groups, the average age of onset is late forties.
People with Sjogren’s syndrome experience marked xerostomia and inflammation in
the salivary and lachrymal glands (Lash, 2001). Paradoxically, people with drooling
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problems also experience periods of excessive oral dryness. This is because the im-
mobile tongue does not distribute the saliva around the oral cavity to lubricate the
mucosa. Mouth breathing can further exacerbate this problem.

ASSESSMENT AND MANAGEMENT OF SALIVA OVERFLOW

Poor saliva control usually results from a combination of factors such as infrequent
swallowing and inefficient swallowing. The first step in the process of intervention
is to determine the factors involved and the importance of this impairment to the
person affected, including that person’s family and quality of life. This assessment
process includes taking a case history and conducting a functional oral assessment.
Appendices 6.1 and 6.2 present an example of two questionnaires to assist with
collecting information currently used at Royal Children’s Hospital saliva clinic,
Melbourne, Australia. Questions on this form have been developed from studies
in the literature suggesting reasons for poor saliva control (Thomas-Stonell and
Greenberg, 1988). Information is sought under the headings of:

e communication and cognition;

* gross motor functioning;

« functional eating and drinking abilities;

e oral and dental health; and

« severity of the saliva management problem.

COMMUNICATION AND COGNITION

A general assessment of communication skills is important. We know that people
with complex communication needs often have associated saliva control difficulties
(Perry et al., 2002). The ability of the person to communicate may give important
information about the person’s cognitive abilities to follow instructions and also an
example of purposeful oral motor skills.

GROSS MOTOR

General gross motor skills such as the ability to walk and hold the head up when
either sitting, standing or walking will precede ability to perform fine motor skills.
Trunk stability, for example, has implications for shoulder, head and jaw stability.
Jaw stability is critical to the oral phase of swallowing. Posture and positioning are
discussed further in Chapter 11.

EATING, DRINKING AND SWALLOWING

It is important to report functional eating and drinking difficulties. Although the abi-
lity to chew may not relate directly to an improvement in saliva control, recent studies
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indicate that the improvement of jaw stability as demonstrated in the fine motor con-
trol of eating and drinking does improve saliva control (Haberfellner and Rossiwall,
1977; Johnson et al., 2004). Straw drinking requires oral suction and lip seal, however
this might not be the same suction and propelling movement described by Lespargot
etal., 1993. In a study on typical children who still drool, the ability to use a straw was
not a significant factor in the improvement of saliva control (Johnson et al., 2001). The
ability to chew and swallow can demonstrate difficulties the person may be having
at both and an automatic and volitional level. The frequency of swallowing and any
difficulty swallowing is noted and a comparison made between nutritive and saliva
swallows. It is important to note whether the person is aware of the saliva overflow in
order to study the breakdown in the mechanism and possible interventions.

Although Sochaniwskyj et al. (1986) and Lespargot et al. (1993) disagree on the
frequency of swallowing, clinical observation would suggest that infrequent swal-
lowing results in drooling. Programmes to increase frequency of swallowing have
had some long-term effects on saliva overflow (Rapp, 1980; Koheil et al., 1987;
Lancioni et al., 1994).

ORAL AND DENTAL HEALTH

Oral health and structures also need to be examined. Increased or decreased saliva
may be seen where there is gingivitis and /or caries. Moreover, the adequacy of the
occlusion and lip seal need to be evaluated in the context of swallowing function.
There is a range of more detailed oral health assessments available (Eilers et al.,
1988; Foulsum, 2002).

SEVERITY OF THE SALIVA MANAGEMENT PROBLEM

Issues such as general health and attitudes to the drooling problem may assist the
problem solving approach to intervention. Frequent colds and a blocked nose may
contribute to mouth breathing and an open-mouth posture. Gastro-oesophageal re-
flux may contribute to increased saliva (Heine et al., 1996). Frequent pneumonia or
severe asthma might suggest the aspiration of substances into the lungs (Vandenplas,
1997; Hilton et al., 1999; Ekberg, 2000). Some people with saliva control difficul-
ties may have complex medical conditions which would preclude the more invasive
saliva control interventions. It may also be that the saliva control problem is not
considered enough of an issue to undergo certain interventions.

SALIVA OVERFLOW MANAGEMENT

The approaches to the management of saliva control are oral sensory-motor pro-
grammes; behavioural programmes; appliance therapy; assistive technology; med-
ication, surgery and complementary medicines. This range of treatment involves
professionals from different speciality backgrounds including doctor, paediatrician,
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gastroenterologist, plastic and ENT surgeons, dentists and dental hygienist, speech
pathologist, radiologist, physiotherapist. Wherever possible the least to the most in-
vasive hierarchy is applied when implementing programmes for saliva control.

ORAL SENSORY-MOTOR INTERVENTIONS

These include oral exercises for building strength and endurance (Jordan, 1979;
Garliner, 1981; Hagg and Larsson, 2004) vibration, icing and or massage for in-
creasing sensory awareness (Levitt, 1966; Domaracki and Sisson, 1990; Nelson and
De Benabib, 1991), improving the ability to eat and drink for integrating sensory
and motor functional skills (Loiselle, 1979; Gisel, 1994; Haberfellner et al., 1999)
and improving oral hygiene, caries and gum disease (Walmsley, 1997; King, 2000;
Griffiths, 2002). All of these programmes have limited success and the type of pro-
gramme should be chosen carefully. Until recently there has been no sensorimotor
therapy to increase the frequency of swallowing but recent work with E-stim shows
some promise (Dilworth, 2003 personal communication) (see Chapter 12).

BEHAVIOURAL PROGRAMMES

These programmes target improving activities that are under a person’s conscious
control. The targeted behaviours include increasing the frequency of lip closure
(Lancioi et al., 1994), swallowing (Rapp, 1980; Koheil et al., 1983), chin wiping
(Drabmen et al., 1979) and the maintenance of an upright head posture. Many of
these programmes work in the short term but have problems with maintenance
and generalization. The person has to be well motivated for the programme to be
successful.

APPLIANCE THERAPY

Several different intraoral appliances have been constructed to increase swallow-
ing frequency and lip closure. These include vestibular screens, Innsbruck Sensori
Motor Activator and Regulator (ISMAR) (Haberfellner et al., 1999; Johnson et al.,
2004) and a range of plates with buttons or stimulators (Selley, 1977; Limbrock
et al., 1991; Hohoff and Ehmer, 1999; Wells, 2000). The appliances aim to trig-
ger functional oral movements to improve swallowing and are an integral part of a
speech pathology programme. Assistance is needed from the speech pathologist to
design, fit and alter the appliance as therapy progresses. Appliance therapy requires
a close relationship between the dentist and speech pathologist and frequent clinic
visits for the person wearing the appliance.

ASSISTIVE TECHNOLOGY

Recent advances in technology could provide a solution for some people. Research-
ers in the US (Brown and Allaire, 2000) have been developing systems that can
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collect saliva from inside the mouth and pump it back into the pharynx. This in-
traoral appliance removes the saliva through a vacuum like mechanism and stores it
elsewhere for disposal. This technology is currently under trial and should be avail-
able in the next few years.

MEDICATION

Medications can be used to reduce saliva and the most commonly used medications
to reduce saliva production have anticholinergic properties that block the parasym-
pathetic innervation of the salivary glands. Several studies have demonstrated the ef-
fectiveness of these medications (Camp-Bruno et al., 1989; Reddihough et al., 1990;
Blasco and Stansbury, 1996; Zeppetella, 1999). Medication has not always proved
effective in reducing saliva loss and may have side effects such as change in mood
and alertness, blurred vision and urinary retention.

In the last few years neurotoxin botulinum (botox) has also been used. Botuli-
num blocks the release of acetylcholine in the nerve terminals, at the neuromuscu-
lar junction but also in the sympathetic and parasympathetic ganglion cells and in
postganglionic parasympathetic nerves. Botox is injected into specific saliva glands
under the guidance of ultrasound (Porta, 2001; Suskind and Tilton, 2002; Jongerius
et al., 2003).

SURGERY

Surgery for saliva loss includes denervation or excision of the salivary glands and li-
gation or relocation of salivary ducts (Wilkie and Brody, 1977; Frederick and Stewart,
1982; Shirley et al., 2003; Uppal et al., 2003). The most common operative technique
is the relocation of the submandibular gland ducts into the pharynx and the excision
of the sublingular glands (Crysdale et al., 2001). Some people may also have a ligation
of one or more of the parotid ducts. Care is taken not to reduce the protective factor of
saliva, which may result in increased caries (Hallet et al., 1995). People with poor oral
health may not be suitable candidates for surgery and every effort to ensure good oral
health practices are instituted before surgery. Surgery is usually around 75% effective
in reducing the saliva loss but only a small number of people gain total control.

Alternatively the use of laser to decrease saliva production from the parotid ducts
has also been used but is not a widespread technique (Chang and Wong, 2001).

MANAGEMENT OF XEROSTOMIA

The condition of a dry mouth can be alleviated by a number of interventions. These
include increasing water intake and moistening mucous membranes using oral lu-
bricants such as artificial saliva. Saliva output can be increased by chewing gum
or sucking fruit lozenges, decreasing mouth breathing and reviewing medications
to minimize the use of anticholinergic medications (see http://www.scopevic.org.
au/therapy_crc_research_saliva_dry.html#general).
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COMPLEMENTARY THERAPIES

There are many different types of complementary medicine or therapy that have
been implicated in the management of saliva problems. These include Chinese
herbs, acupuncture (Blom et al., 1992; Dawidson et al., 1997; Wong et al., 2001),
acupressure, and kinaesiology. Many of the philosophies behind these are not based
on the principles of Western medicine and there is usually only anecdotal evidence
of the usefulness of these approaches. Mucolytic enzymes, such as papase, which
occurs in pawpaw (papaya), are purported to reduce the viscosity of ropey secre-
tions. These are available in tablet form from health food shops. Some people report
that dietary changes have improved their saliva control and this area would benefit
from further research.

SUMMARY

The area of saliva and secretion management is under-researched. People with these
issues have a range of aetiologies and often complex medical histories. We are still
struggling to fully understand the mechanisms that cause saliva overflow and are
seeking reliable, permanent and non-invasive treatments to manage secretions. Many
of the treatments are not completely successful for everyone and clothing protectors,
handkerchiefs (for increased salivary flow) and chewing gum (to stimulate saliva in
a dry mouth) are still used as props to alleviate this embarrassing condition.
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APPENDIX 6.1: SALIVA CONTROL ASSESSMENT FORM
Date: / /

Name:
Form completed by:

1. Communication skills:
U No problems
U Some speech which is functional
U Uses speech to get message across but with difficulty
U Has difficulty making some sounds in words
U Has no speech

2. Walking
U No difficulty
U Has some difficulty but walks independently without an aid
U Needs a walking aid
O Uses a wheelchair all or most of the time

3. Head position
U Can hold head up without difficulty
U Tends to sit with head down mostly

4. Is the mouth always open?
O Yes 4 No O Unsure

5. Lips
U Can hold lips together easily and for a long time
U Can hold lips together with ease for a limited time
U Can hold lips with effort for a limited time
U Can bring lips together only briefly
U Unable to bring lips together

6. Can s/he pucker lips (as in a kiss)?
O Yes 4 No O Unsure

7. Does s/he push the tongue out when swallows?
O Yes 4 No O Unsure

8. Straw
U Can use a straw easily
U Has difficulty using a straw
U Cannot use a straw

9. Eating/drinking
1 Can eat whole hard foods that are difficult to chew
U Eats a wide range of foods
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U Needs to have food cut into small pieces

U Food needs to be mashed/pureed

U Drinks need to be thickened

U Has food through a tube (nasogastric/gastrostomy)

10. Is s/he a messy eater?
U Yes U No U Unsure

11. Can s/he swallow saliva when asked to?
U Yes U No U Attempts U Unsure

12. How frequent do you notice a swallow?

U Once a minute O Several times a minute O Occasionally
U Only when O Only when I ask him/her 1 Unsure
eating, drinking to swallow

13. Does s/he notice saliva on lips/chin (perhaps tries to wipe chin)?
U Yes U No U Unsure

14. General health
Does s/he have asthma?
U Yes U No U Unsure
Does s/he have frequently blocked or runny nose?
U Yes U No U Unsure
Does s/he have bouts of pneumonia?
U Yes U No U Unsure

15. Are there any difficulties with teeth cleaning?
O Yes 4 No QO Unsure

16. Has there been a recent dental check?
O Yes 4 No O Unsure
4 IF YES, who?

17. Are there any problems with bleeding gums or decayed teeth?
U Yes U No U Unsure

Thank you for completing this questionnaire.

APPENDIX 6.2: DROOLING MEASURES FORM

Date: /]
Name of child:

Form completed by:
Relationship to child:

1. Is your child currently on medication to reduce drooling? (please tick)
U No 4 Yes

143
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If yes, please give name and amount taken during the last week:

2. Has your child been well over the past week? (please tick)
4 No U Yes
If no, please give details of illness:

3. Rating scale. Please discuss these with anyone who knows your child well and
circle the number which best reflects the severity and frequency of drooling over
the past week:

Frequency

1 No drooling — dry

2 Occasional drooling — not every day

3 Frequent drooling — every day but not all day
4 Constant drooling — always wet

Severity

1 Dry —never drools

2 Mild — only the lips are wet

3 Moderate — wet on the lips and the chin

4 Severe — drools to the extent the clothes &/or objects get wet
5 Profuse — clothing, hands and objects become very wet

4. On an average day over the past week when your child is at home:
Number of bib changes per day:
Number of clothes changes per day:

For the questions 5-14, please draw a circle around the number between 1 and 10 that
indicates the extent to which each question about drooling has affected you over the
past week.

For example:
How much do television advertisements annoy you?

| | | | | | | | m |
@ Not at all 1 2 3 4 5 6 7 8 9 10 Heaps @
5. How offensive was the smell of the saliva?

No smell '1 2' '3 éll 5' 6| "7 é '9 {0 Very offensive

6. How much of a problem has there been with skin rashes on the chin and around
mouth?

No rash '1 >3 4 5 6 '7 é |9 {O Severe rash
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7.

10.

11.

12.

13.

14.

15.

16.

17.

How frequently did your child’s mouth need wiping?

Notatall [543+ —¢—H—¢ &g Allthetime

. How embarrassed did your child seem to be about his/her dribbling?

2' é 4'1 5I 6| % é '9 iO Very embarrassed

Not at all '1

. How much were you worried by other people’s reactions to your child’s

dribbling?

2' Vlv, 4|1 5I 6| % é '9 iO Extremely worried

Not at all '1
How much do you have to wipe or clean saliva from household items e.g. toys,
furniture, computers etc?

Notatall [——F—+%—fG—2+—¢—H—¢ &g Allthetime

How much of a problem did your child have with coughing or choking on
saliva?

No problem'l 2' é éll 5' 6| % é '9 iO Huge problem

To what extent did your child’s drooling affect his or her life?

| | | | | | | | | |
Not at all 1 2 3 4 5 6 7 S 0 10 Greatly

To what extent did your child’s dribbling affect you and your family’s life?

| | | | | | | | | |
Not at all 1 2 3 4 5 6 7 S 0 10 Greatly

To what extent did your child’s dribbling affect others outside the immediate
family?
| | | | |

| | | | |
Notatall 1 2 3 4 5 6 7 8 9 10 Greatly

Was your child on other medication over the past week?
O Yes 4 No QO Unsure
IF YES, please include names of medication below:

Has your child had saliva control surgery?
U NO->NO MORE QUESTIONS 4 YES->GO TO Q.17

How worthwhile do you believe your child’s saliva surgery has been?

Not at all '1 2' é éll 5' 6| % é '9 iO Extremely
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18. How likely would you be to recommend this surgery to other families in the
same circumstances?

Discourage'l 2' '3 éll 5' 6| "7 é '9 {0 Highly recommend

Comments:
Thank you for completing this questionnaire.
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7 Clinical Assessment, Cervical
Auscultation and Pulse Oximetry

JULIE CICHERO

Why is it important to look at non-imaging assessments of dysphagia? Primarily,
because these are our first ‘ports of call’. Non-imaging assessments provide infor-
mation about the swallowing function that can be accessed at the bedside or in an
office setting. The results can also be gathered quickly. In extended care settings,
educational settings or rural settings, non-imaging techniques are often the only
tools available for dysphagia assessment. It could also be argued that we gain the
best understanding of our patients’ everyday swallowing function from non-imaging
assessments because they are carried out using real foods and fluids and in an atmos-
phere where we usually eat. However, there is still a need for imaging studies. Such
studies indisputably provide us with covert information, particularly about pharyn-
geal stage function (see Chapter 8). However, we must all be skilled in non-imaging
studies, for it is from here that we begin to make our hypotheses.

The best known, and most widely taught non-imaging technique is the ‘clinical’
or ‘bedside’ evaluation of dysphagia. With a solid understanding of this assessment,
we gain a baseline level of a person’s functional swallowing ability. We are able to
examine oromotor function as it relates to swallowing and begin to make decisions
as to the person’s suitability for oral or non-oral feeding, of which there are many
permutations. In addition, it allows us to determine which other assessments may be
necessary to fully diagnose and treat the problem.

When used in isolation, the clinical assessment of dysphagia has come under
attack due to its poor ability to characterize the pharyngeal phase of the swallow.
The oral stage of swallowing is reasonably overt. With a thorough motor and sensory
assessment of oral structure, we should be able to diagnose the majority of oral stage
disorders. The pharyngeal phase of the swallow is by nature covert and it is therefore
more difficult to characterize its physiology using non-imaging methods. The clinical
assessment has been reported in the literature to have a poor ability to characterize the
pharyngeal stage of the swallow. It credits clinicians with an ability to detect only 40%
to 60% of those who aspirate (Splaingard et al., 1988; DePippo et al., 1992; Linden et
al., 1993; Groher, 1994; Ruf and Stevens, 1995). Because of its poor ability to charac-
terize the pharyngeal phase of the swallow, the clinical examination has been deemed
a ‘screening technique’, rather than a ‘diagnostic tool’. Logemann (1998) defines a
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screening procedure as one where the presence or absence of a symptom is indicated
(for example the presence or absence of aspiration). A diagnostic tool on the other
hand is one where the physiology is elucidated (for example, reduced tongue-base
retraction or reduced laryngeal closure). What is lost in the translation of this very
black-and-white view is a large amount of additional information that is gained from
a clinical examination. Information such as level of alertness, the person’s ability to
make decisions, self-feeding skills, and sensory awareness. There is an inexhaustive
list of behaviour that the clinician can observe. Factors such as these will have a huge
bearing on the potential for swallowing rehabilitation and eventual outcome.

Recently two other non-imaging assessments have received literature and clinical
attention. These include cervical auscultation and pulse oximetry. Used in isolation,
these techniques provide some new information about the dysphagic person’s ability
to swallow. Used in conjunction with the clinical examination, these tools provide
powerful screening assessments as they tap into other modalities (e.g. hearing) and
physiologically based information such as the inter-relationship between swallow-
ing and respiration (see also Chapter 4). It is acknowledged that the assessments
described in this chapter are screening assessments according to Logemann’s defini-
tions. However, it is through tools such as these that we can:

 begin to characterize dysphagia;

« make judgements as to the severity of the dysphagia;

« refer for diagnostic procedures that are specifically tailored to each individual
because of our skill with these non-imaging assessments; and

e monitor patients on a regular basis using dietary foods and fluids.

This chapter will describe the clinical examination of dysphagia, cervical ausculta-
tion and pulse oximetry. In each case there will be a discussion of the theory and
then the clinical application of the technique. The clinical examination is described
in detail first. Cervical auscultation and pulse oximetry are seen as adjuncts to the
clinical examination. The way in which these assessments could influence imaging
studies is also discussed.

CLINICAL ASSESSMENT OF DYSPHAGIA

The clinical assessment of dysphagia affords the clinician an opportunity to look
at the overall swallowing function of an individual in context. This technique is
faithfully taught to all speech pathology students for this very reason. The clinical
examination can be divided into eight phases. These are:

background history;

. immediate observations;
communication and cognition;
clinical oropharyngeal assessment;
oral trial assessment;

N
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6. referral for other assessments;
7. overall impression including diagnosis;
8. management.

PHASE 1 - BACKGROUND HISTORY

It is imperative that a thorough background history be taken. There are many other
facets of information that the clinician should gather in order to adequately diagnose
and treat patients. The clinician should take the time to review the following broad
areas:

» medical diagnosis;

e nutritional status and immediate nutritional needs;
e current medical status;

« previous speech pathology involvement; and

« client-specific information.

Medical diagnosis

The medical diagnosis should be noted to see if any predictions about likely swal-
lowing dysfunction can be anticipated. For example, in an individual who presents
with a right-sided stroke one might expect to find a left facial droop, and reduced
awareness of pooled material in the left buccal cavity. The diagnosis can give the
clinician a small mental checklist to see if the medical diagnosis matches the clinical
presentation. In the case of a progressive neurological disease, knowledge of the dis-
ease presentation and general course also allows the clinician to predict the severity
of the swallowing disorder.

Conversely clinical presentation may also alert the speech pathologist to other
underlying medical conditions that have yet to be diagnosed. For example, an indi-
vidual is referred with a diagnosis of left cortical stroke, yet on presentation apart
from the obvious facial palsy the individual has tears on the right lower eyelid and
is unable to close the right eye. These symptoms suggest that there is lower motor
neurone involvement. Perhaps the individual has upper and lower motor neurone
disorders, or perhaps the facial weakness was misdiagnosed as a cortical stroke.
Our knowledge of neuroanatomy allows us to make further inquiries. By using our
problem-solving skills we are able to obtain an accurate diagnosis and therefore a
more tailored treatment plan.

Back to the patient who has presented with what seems to be upper and lower
motor neurone signs. Under these circumstances it would be prudent to see if there
were other clinical manifestations of stroke —e.g. weakness of the right arm or leg. It
may also be prudent to check whether the individual has experienced any change in
their hearing function. We know that the facial (VII) and vestibulochochelar nerves
(VIII) share a pathway through the internal acoustic meatus. Damage to both nerves
suggests a lesion or assault that would fit with a lower motor neurone presentation,
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particularly if the patient complained of hearing loss. An accurate diagnosis at the
outset allows the clinician to tailor a treatment plan. This is why a general ‘cook-
book’ or recipe approach to dysphagia is ill advised.

Any co-occuring infections or other illnesses should also be noted for the safety
of both patient and practitioner. For example, if a dysphagic patient presents with a
head injury and also hepatitis B, this requires the speech pathologist to use univer-
sal precautions for communicable diseases. Similarly immunosuppressed patients
should not be treated by speech pathologists who are themselves unwell. The clini-
cian who continues to work while unwell risks infecting immunosuppressed patients
and could be placing them in a life-threatening situation.

Nutritional status and immediate nutritional needs

The speech pathologist should be aware of the individual’s current and premorbid
diet. Care should be taken when individuals are noted as ‘nil oral’ to find out whether
the ‘nil oral’ status is because of pending speech pathology assessment or required
for a pending medical procedure (e.g. surgery requiring general anaesthesia). Nil
oral patients should be viewed for the length of time that they have been without
oral or supplemental intake. The presence of an intravenous drip should also be
noted. Nil oral patients presenting with an intravenous drip, nasogastric tube, PEG
(percutaneous endoscopic gastrostomy), or total parenteral nutrition (TPN) have
some means of hydration and nutrition. Nil oral patients presenting without assisted
hydration at a minimum, require immediate attention to see whether they can safely
meet their hydration needs orally. At the end of the clinical assessment the speech
pathologist must be in a position to indicate how nutritional needs will be met —
either orally, non-orally, or a combination of both (see also Chapter 5).

Current medical status

Information on current medical status could be gathered from the medical chart,
nursing staff, or the individual’s carer. Current level of alertness is important to
ascertain whether it is a good time to complete the physical clinical examination
of swallowing function. Respiratory status should also be noted — is there a cur-
rent chest infection? Does the medical chart report abnormal breath sounds such as
crackles or wheezes? Is there evidence of altered respiratory rate such as bradypnea
(abnormal slowness of breathing) or hyperpnea (abnormally fast rate of breathing),
or dyspnea (laboured or difficult breathing)? Changes to respiration may affect the
person’s ability to swallow safely. For example, individuals with chronic obstruc-
tive pulmonary disease (COPD) not only have problems maintaining usual respira-
tion patterns due to chronic lung disease but also suffer from fatigue of respiratory
muscles (Martin-Harris, 2000). When we swallow, we close and protect the airway
during bolus transport through the pharynx and we stop breathing. In respiratory
compromised patients, the effort in maintaining respiration may make swallowing
an extraordinarily difficult task.
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Does the individual have a fever? This may be indicative of an infection. As a
point of reference normal temperature is in the range of 35.8 °C to 37.2 °C. A low-
grade fever is defined as 37.5 °C to 38.0 °C and a high grade fever as 38.8 °C and
higher. Individuals in a feverish state should be closely monitored as swallowing
function during the fever state may be different from when the temperature is nor-
mal. Note should also be taken if there has been a history of recurrent pneumonia
or chest infections. Note also that high temperatures may be caused by conditions
other than poor chest status (e.g. urinary tract infection). Liaison with medical staff
is imperative in interpreting clinical signs.

A list of current medications should also be reviewed. There are some medica-
tions that are known to have adverse effects on swallowing function. Medications
that cause dryness of the oral, nasal or pharyngeal mucosae can make it difficult to
initiate a swallow (see Chapter 9). Other medications may produce side effects simu-
lating extrapyramidal symptoms (see Chapter 9). The speech pathologist should also
review the method by which medications are being administered (tablet, capsule,
liquid, etc.). Individuals with severe dysphagia may be unable to take medication
in a tablet or capsule format and may require the pharmacist to see if there is an
alternative method of administration. Also note that some capsules or tablets have
special enteric coatings to ensure that they do not disperse before they reach the
stomach. Placing these medications in a spoonful of thickened fluids may assist the
patient in swallowing the medication but reduces the effect of the medication if it
disperses throughout the pharynx and oesophagus rather than in the stomach. If in
doubt, always consult medical team members such as the pharmacist, doctor and
nursing staff.

Previous speech pathology intervention

As part of any thorough background review, evidence of previous speech pathology
intervention should also be sought. Knowledge of previous clinical reports or imag-
ing studies such as videofluoroscopy affords the clinician a baseline of swallowing
function.

Client-specific information

It is important to remember that no two individuals are the same. We each have
unique biographical, cultural and religious backgrounds, educational and vocational
backgrounds and behaviours. This information should direct how we interact with
and provide information to our patients. For example, in providing explanations for a
swallowing assessment and how it is carried out one should be aware of the patient’s
educational and vocational background. The explanation afforded a person with ter-
tiary qualifications should be quite different from the explanation offered to an indi-
vidual with little schooling. Cultural differences may be highlighted when it comes
to discussions of the patient’s goals. For example, the patient’s goal may be to resume
eating the premorbid diet. In Western cultures, texture-modified diets are prepared
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on a Western model (for example, pureed lamb, mashed potatoes, vitamized vegeta-
bles and milk desserts). For example, for individuals of Asian, European or Middle
Eastern cultures, the Western texture modified diets offered may be unappealing to
the point that they might cause a reluctance to eat, which then slows down recovery.
This is another example of why it is important that each dysphagic individual be
seen as unique, and treated as such.

In addition to the above information, some general information should be gath-
ered from the individual with dysphagia or their next of kin or carer. Questions for
the individual with dysphagia and/or their next of kin are:

* When did the swallowing problem begin?

* How long has the problem has been in existence?

e Was it an immediate or gradual onset?

« Is there pain associated with swallowing and if so where?

» Has there been a change to the length of time needed to consume a meal?
» Has there been a change in the type of foods or liquids consumed?

» Has there been a change to the sensations of smell and/or taste?

Once the background information has been obtained, the individual should be
observed.

PHASE 2 — IMMEDIATE OBSERVATIONS

On greeting the patient, the clinician is able to gain much valuable information,
which will assist with the actual assessment and help plan treatment. A number of
areas need to be reviewed. These are:

« Is the patient alert and able to participate in an oromotor assessment and a swal-
lowing evaluation?

« Is the patient cooperative and if not is it only transitory?

« Is the patient agitated? This aspect will influence all future mealtime events.

« Is the patient able to sit upright independently, or does he or she need support to
sit upright?

— How many people are required to have the person in the optimum position for
safe swallowing?

— Are lifting machines required to move the person to the best position for safe
swallowing?

« Note the presence of an intravenous line, nasogastric tube, PEG, TPN or central
line, or tracheostomy tube.
« If there is a tracheostomy tube in situ what size is it?

— Is the tube cuffed/uncuffed, fenestrated/unfenestrated?
— If suctioning is required, how often is it required?
— Does the individual require oxygen via mask/nasal prongs?



CLINICAL ASSESSMENT, AUSCULTATION, OXIMETRY 155

« Is the patient ambulant?
« Is the patient prone to fatigue easily?

— Fatigue in other aspects of care could serve as a potential indicator for fatigue
during swallowing.

« Is the person aware that he or she has a swallowing problem?

» Does the person ‘look healthy’, or does the person seem underweight?

» Note should be taken of any shortness of breath and respiratory rate, particularly
if the individual presents with a primary respiratory diagnosis.

The relationship between swallowing and respiration has been outlined in detail in
Chapter 4, which includes normal respiratory rates that can be used as a reference.
As noted in Chapter 4, if the resting respiratory rate is abnormal, the individual is
automatically at an increased risk of aspiration. It is normal for there to be a small
increase (approximately 10%) in respiratory rate after swallowing, however this rap-
idly returns to normal in a non-dysphagic individual (Hirst et al., 2002).

PHASE 3 - COMMUNICATION AND COGNITION

The clinician should gain information on whether the person is oriented to person,
place and time. Comprehension ability should be noted, and the need for hearing
aids should also be established. Expressive abilities and intelligibility should also
be noted. Voice quality should also be subjectively noted (particularly for the pa-
rameters of wetness, hoarseness, breathiness or harshness). Visual ability should
also be established. For example, the need for eye glasses or any disturbances in
visuoperceptual skills such as those that might be found after a stroke (e.g. left
neglect in the case of a right hemisphere stroke) should be noted and taken into
account during assessment and treatment. Logemann et al. (1999) provide excel-
lent descriptions of behavioural variables, gross motor function and oromotor vari-
ables that may affect swallowing in their screening procedure for oropharyngeal
dysphagia.

PHASE 4 — CLINICAL OROPHARYNGEAL ASSESSMENT OF
DYSPHAGIA

Prior to commencing any physical examination of the individual, the speech pathol-
ogist should ensure adherence to workplace occupational health and safety guide-
lines. These may include, but are not limited to, up-to-date immunization of the
speech pathologist (e.g. hepatitis B), handwashing before and after assessment, the
use of gloves during physical examination of the patient, and if directed the use of
gowns or protective eye wear during assessment. Disposal of contaminated materi-
als such as gloves or tongue depressors should be carried out responsibly in the man-
ner dictated by the workplace.
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The oropharyngeal assessment of dysphagia can be broken into the following
sub-areas:

« inspection of the oral cavity and oropharynx;
« saliva management;

¢ cranial nerve assessment; and

« ability to protect the airway.

Inspection of the oral cavity and oropharynx

The clinician should be aware of any abnormalities of structures at rest within the
oral cavity. Any blisters, lesions or growths should be noted and reported. Symmetry
of any blisters should also be noted. For example, blisters only on the left buccal sur-
face in a patient with a right hemisphere stroke may be indicative of the patient biting
the left buccal region during eating and point to poor intraoral sensory perception
for the affected side. Moisture within the oral cavity should be noted. Extensive
dryness of the mouth makes it difficult to initiate a swallow, as does the presence
of thick mucus (Miller, 1992). Oral hygiene should also be examined. Evidence of
food debris in the buccal sulcii should be noted and removed. It should be noted
whether patients care for their own oral hygiene or are reliant on carers. Langmore
et al. (1998) noted that the best predictors for pneumonia were dependency for feed-
ing, dependency for oral care, number of decayed teeth, tube feeding, more than one
medical diagnosis, number of medications and smoking. In conjunction with this the
state of the person’s dentition should also be examined. Tooth pain should be noted,
with referral made to a dental professional. Tooth pain can affect the person’s toler-
ance of chewing. Halitosis can be caused by — but is not limited to — decaying food
that has been pooled in the buccal sulcii, or even in a pharyngeal pouch. The need for
dentures should be noted. There is research to suggest that poor oral hygiene may be
a risk factor for respiratory tract infections, particularly for elderly institutionalized
individuals. The mechanism for this includes aspiration of oral pathogens carried on
saliva or food/fluid particles (Langmore et al., 1998).

Saliva management

The issue of saliva management has been thoroughly examined in Chapter 6. The
clinician should note patients’ awareness of their secretions. Poor awareness may
be indicated by drooling or pooling of saliva within the oral cavity. It should also
be noted whether the patient wipes the mouth with a hand or tissue in an attempt to
control saliva management. A patient’s ability to swallow his or her own secretions
should also observed, particularly whether this is a spontaneous action or requires
prompting by a carer to swallow pooled material. Frequency of throat clearing after
swallowing of secretions should also be noted. Note that throat clearing is a protec-
tive mechanism. A gurgling vocal quality after swallowing of secretions may indi-
cate pooled material in the pharynx.
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Cranial nerve assessment

Assessment of the cranial nerves involved in chewing and swallowing affords the
clinician information about the strength, speed and accuracy of movement of oral
and pharyngeal structures and also provides information about sensory level of
functioning. The clinician should also note symmetry or asymmetry of movement
or loss of sensation. Cranial nerves V, VII, IX, X, XI and XII are most commonly
assessed for swallowing function. These nerves and their function in swallowing has
been discussed in detail in Chapter 1. Table 7.1 suggests clinical assessments of the
cranial nerves involved in swallowing.

Table 7.1 Suggested clinical assessment of the cranial nerves associated with swallowing —
Observe strength, speed, range and symmetry of movement and fatigue

Cranial nerve or Suggested clinical assessment tasks
swallow-respiratory skill

V Trigeminal e Ask the person to clench their teeth or ‘bite together’ — the
masseter and temporalis muscles can be palpated and felt to
contract.

* The clinician could also place their hand under the person’s
closed jaw and ask the person to open the jaw while

the clinician’s hand provides resistance. This provides

information about the strength of the jaw for chewing.

VII Facial Sensory

» Taste can be assessed using solutions of sugar (sweet),
salt (salt), vinegar (sour) or onion juice (bitter)

(see Chapter 13).

Motor

* Observe frowning, open and close eyes.

* Ask patient to open and close mouth, smile, mouth the
sounds ‘000’ then ‘eee’.

e Puff up their cheeks with air and hold to observe labial
strength and velopharyngeal sufficiency .

IX Glossopharyngeal * Observation of palatal movement as the patient says ‘ahh’.

and X vagus o If functioning normally, the soft palate should rise
symmetrically and the uvula should move backwards in
the midline.

o If there is asymmetry and the soft palate is sagging,
the uvula will deviate towards the normal side as there
is insufficient muscle tension from the affected side to
hold it in the mid-line.

* The gag reflex should be elicited using a tongue depressor
walking along and touching each of (a) the posterior surface
of the tongue, (b) the tonsilar region and (c) soft palate.

o If no response is elicited from the soft palate the
clinician may wish to touch the posterior pharyngeal
wall to see if a response can be elicited.

o The gag reflex should be tested on both sides (see text

for normal variations).
(Continued)
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Table 7.1 (Continued)
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Cranial nerve or
swallow-respiratory skill

Suggested clinical assessment tasks

XII Hypoglossal

Airway protection

Ask the individual to phonate (e.g. ‘ahhhh’) and listen to

phonatory quality.

Ask the person to cough.

o This gives an indication of (a) ability to follow a
command, (b) ability to perform a voluntary cough, (c) the
strength of the cough.

o Observe also any reflexive coughs as these may be
different in strength to voluntary coughs.

Ask the patient to perform a ‘dry swallow’ (i.e. swallow the

saliva in their mouth).

The tongue should be observed at rest for evidence of

atrophy or fasiculations.

o Atrophy or fasiculations are associated with LMN
lesions.

The tongue should also be observed in movement.

o Ask the patient to poke the tongue out, point up towards
the nose, down towards the chin, protrude to the left and
the right, and then move in a circular motion as if licking
the lips.

o For patients where an apraxia appears to be present the
clinician may, for example, try giving a cue that ‘there
is something on your top lip, can you lick it off?’ Often
an automatic response is more easily generated than a
response to a specific command.

Ask the patient to use their tongue to push against a

tongue depressor stick, or patient to poke tongue against

the inside of their cheek while the clinician resists the
movement from the external cheek (check strength of
movement).

Note clarity of articulation and presence of dysarthria.

o A fully functioning tongue is important for clear,
intelligible speech.

Ask the patient to voluntarily hold their breath for the count

of two.

o This gives an indication of voluntary control over breath
holding.

o Note that the apnoeic period may still be triggered
reflexively during a swallow even if the individual cannot
voluntarily hold their breath.

Cranial nerve V — trigeminal nerve

This nerve has both motor and sensory components. It provides general sensation for
the anterior two-thirds of the tongue, and is motor to the masticatory muscles, and

the floor of the mouth.
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Cranial nerve VII - facial nerve

The facial nerve is both sensory and motor. It provides sensory information in the
form of taste from the anterior two-thirds of the tongue via the chorda tympani. The
facial nerve is motor to the following muscles: orbicularis oculi and oris, zygomatic,
buccinator, platysma, stylohyoid, and stapedius.

Note that in a lesion involving upper motor neurones (UMN) only the muscles
of the lower face are paralysed due to bilateral corticonuclear fibres supplying the
upper face. In the case of lower motor neurone involvement (LMN) there will be
complete involvement of all facial muscles on the affected side including an inability
to close the affected eye, and tears on the lower eyelid of the affected eye. Apart from
important neurological information gained from this assessment which will help to
ascertain the cause of the swallowing problem, this assessment also provides infor-
mation about the person’s ability to keep the bolus within the oral cavity.

Cranial nerve IX - glossopharyngeal nerve and cranial nerve X — vagus
nerve

Cranial nerves IX and X are examined together and, therefore, will be discussed
together. The glossopharyngeal nerve is both sensory and motor. It is responsible
for taste for the posterior one third of the tongue and sensation of the soft palate.
It is motor to stylopharyngeus, the otic ganglion, and partial to the middle/inferior
pharyngeal constrictor. It also supplies the parotid salivary gland. The glossopha-
ryngeal nerve is responsible for elevation of the pharynx and larynx and contributes
to pharyngeal constriction. The vagus nerve is possibly the most important nerve
for swallowing function. The vagus nerve has both sensory and motor functions.
It is sensory to the pharynx, larynx and viscera. It is motor to the inferior, middle
and superior pharyngeal constrictors, levator veli palatini, uvular, cricothyroid, thy-
roarytenoid, cricoarytenoids, transverse and oblique arytenoids, and oesophagus. It
is responsible for palatal elevation and depression, laryngeal movement, pharyngeal
constriction and cricopharyngeal movement.

Traditionally the gag reflex is also assessed. A sluggish or absent gag reflex pro-
vides information about level of sensation in that region. Its presence is not indica-
tive of swallowing safety. The purpose of the gag reflex is to protect the pharynx
from foreign bodies. It is designed to expel vomit and refluxed material from below
and foreign bodies such as an overly large bolus or the tongue depressor anteriorly.
As such it works in the completely opposite way to a normal swallow, which is de-
signed to propel the bolus through the pharynx. Oropharyngeal movements during
the retching have been described in Chapter 4.

There is much confusion surrounding the gag reflex, not the least of which comes
from the medical fraternity (Smithard and Spriggs, 2003). Many referrals suggest
that swallowing is occurring safely because of an intact gag reflex. This assump-
tion is often made regardless of how uncoordinated the swallow may actually be.
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The assumption may be based on the sensory aspect of the reflex — if the swallow is
incomplete and there is pooled material in the pharynx post swallow it is assumed
that the gag reflex will be elicited and remove the material from the pharynx. The
presence or absence of the gag reflex may be indicative of sensation in that region but
one cannot assume that a gag reflex will be triggered in the event of pooled material
in the pharynx. Neurology shows us that sensation for the soft palate, which is where
the gag reflex is elicited, is mediated via the glossopharyngeal nerve, whereas sensa-
tion for the pharynx and larynx, which are where pooled material may accumulate
after the swallow, is mediated via the vagus nerve. While these two nerves work in
harmony the fact that one is working is not predictive that the other is also working.
It is also very important to note that there is a large degree of variability in the gag
reflex in healthy non-dysphagic adults. Logemann (1995) reports that approximately
40% of non-dysphagic men and 10% of non-dysphagic women do not have a gag
reflex (Smithard and Spriggs, 2003).

The vagus nerve can also be assessed by asking the person to phonate. The qual-
ity of phonation gives information about vocal fold function. If the phonation sounds
‘wet’ or ‘gurgling’ it may indicate that there are secretions or pooled material over
the surface of the cords or in the laryngeal vestibule. Dysphonia may also indicate
inability to coordinate vocal fold closure. The length of time an individual can phonate
for may also give an indication of their ability to control their respiratory system.

Warms and Richards (2000) investigated the correlation between wet vocal quality
and prediction of pooled material in the larynx/trachea as indicative of aspiration or
penetration. Their results indicated that such a correlation could not be made. The
authors advocated that wet voice could be used as one of a cluster of clinical signs that is
indicative of aspiration or penetration but used in isolation was not a reliable indicator
of these events. They also stated that presence of wet voice could be more indicative
of gross risk of aspiration of all materials (i.e. saliva and secretions in addition to
ingested foods or fluids). The cough reflex is also routinely assessed (mediated via the
vagus nerve). Physiology of the cough reflex was discussed in Chapter 4.

The patient should also be asked to perform a ‘dry swallow’ (or to swallow the
saliva in their mouth). Again, this gives an indication of the person’s ability to follow
a command, and an opportunity to observe and palpate the action of the swallow.
Clinicians should watch the laryngeal region, and also span their fingers out placing
the index finger on the subject’s hyoid bone, the middle finger on the thyroid carti-
lage and the ring finger on the cricoid cartilage. This palpation should be very gentle
so as not to impede the mechanics of the swallowing process. The clinician should
also take note of any delay in initiating the swallow.

Cranial nerve XII — hypoglossal nerve

The hypoglossal nerve is motor. It supplies the superior longitundinal, inferior lon-
gitudinal, transverse, vertical, genioglossus, hypoglossus and styloglossus muscles.
It is responsible for all tongue movement as well as some involvement in the eleva-
tion of the hyoid bone (via the geniohyoid muscle). Table 7.1 gives suggestions
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for assessment. Note that, if lesions to the tongue are LMN origin, the tongue
will deviate to the side of the lesion. However, if the lesion is UMN in origin, the
tongue will deviate to the side opposite the lesion (i.e. the contralateral side). This
is because of bilateral corticonuclear fibres to the hypoglossal nucleus. Reviewing
movement of the tongue gives the clinician an indication of the person’s possibili-
ties in successful oral manipulation of the bolus and projection of the bolus in a
controlled fashion to the posterior of the oropharynx. It also provides information
about the person’s ability to use the tongue to clear the buccal sulcii and teeth of
remaining food post swallow.

Ability to protect the airway

There are several mechanisms that contribute to airway protection during
swallowing, including deglutition apnoea, coughing and throat clearing. During the
swallow is it important that respiration ceases and that a period of apnoea occurs.
Swallow-respiratory coordination, including deglutition apnoea, is discussed
in detail in Chapter 4. We can also protect the airway through throat clearing
and coughing, both reflexive and voluntary. Suggested assessments of airway
protection are included in Table 7.1. Voluntary control over respiration is a good
indicator of the person’s ability to use the system in a controlled manner. It may
have implications for the use of swallowing manoeuvres such as the supraglottic
swallow during treatment. Observations of reflexive throat clearing and coughing
should be made, in addition to frequency of these events, and whether there is
anything in particular that precipitates them (e.g. whether there is a build up of
secretions, etc.). The strength of these reflexes in removing laryngeal material
should also be noted. The patient should also be asked to clear their throat and
to cough, to give an indication of voluntary control and also the strength of the
reflexes. Any differences in strength between the reflexive coughing and throat
clearing and voluntary cough or throat clearing should also be noted, as these may
have implications for oral trials.

PHASE 5 — ORAL TRIALS

Up to this point we have looked at the swallowing mechanism. It is now time to look
at the swallowing mechanism in action as used for its biological purpose of ingesting
foods and fluids which are necessary for hydration and nutrition.

Suitability for oral trials

Not all individuals are suitable for oral trials. In order to be suitable to trial oral
intake the following conditions should be met. The individual should:

» Be conscious and alert.
» Be able to be positioned optimally for eating and drinking.
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« Show some ability to protect the airway, i.e. presence of a dry swallow, ability to
cough or clear the throat, or have been observed to swallow reflexively, cough or
clear the throat.

» Have sufficient stamina for the trial, i.e. the individual should not be so fatigued
that he or she will fall asleep during the assessment.

 In the case of a tracheostomy assessment there should be medical assistance (e.g.
physiotherapist, nursing staff) to suction the patient. In the event that the speech
pathologist has been trained in suctioning, the speech pathologist should ensure
that support is available if required.

Individual workplaces may provide further circumstances than those listed above.
If these conditions are met, then the clinician may proceed with a trial of food or
fluid. A quick note about positioning. It is generally accepted that the patient should
be seated or supported in a position that is as upright as possible (i.e. 70° to 90°).
One reported difference to this recommendation is in the case of individuals with
poor hip/trunk stability, such as those with developmental disability. Dorsey (2002),
found that by stabilizing the trunk using reclined supported postures of approxi-
mately 60° to 35°, individuals could artificially move their centre of gravity to the
upper chest. Stability in the hip and lower trunk region using the supported reclined
postures gave the individuals greater control over their upper body, which lead to
improved stability of the jaw and mouth. The result was a reduced incidence of as-
piration in this group. This may not be appropriate for all individuals but should be
considered as an option where trunk stability is poor.

The oral trials

Oral trials are also referred to as mealtime observations or even the bedside exami-
nation. Once the individual has been deemed suitable for oral trials the clinician has
to decide on what type of bolus/es to assess and the quantity.

It is common practice to err on the side of caution and start with a consistency that
the individual can manage easily. For this reason, many clinicians commence with
pudding or thickened fluids. Once it has been established that the thicker, more co-
hesive boluses can be managed safely, then trials of reducing cohesiveness are usu-
ally undertaken, finishing with the most volatile — thin fluids. Thin fluids are con-
sidered volatile because they are highly fracturable and demand considerable oral
and pharyngeal control and coordination to ensure that they are swallowed safely.
Alternatively, clinicians may choose to assess swallowing ability for thin fluids first
as this is the most normal liquid for individuals to drink; working in graduations of
thickness to arrive at a safe swallowing consistency. Certainly, during imaging stud-
ies (e.g. videofluoroscopy) it is a good idea to start with thin fluids because it gives
the clinician the opportunity to assess this consistency without concern for previ-
ously pooled thickened fluids making interpretation of swallowing safety difficult
(see Chapter 8). Swallowing safety for fluids is usually assessed first to establish
how hydration needs will be met. Following this, solids may then be assessed. Again
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the clinician may choose to start with solids that do not require a lot of chewing and
progress to solids that require considerable masticatory strength.

While there is reasonable cause for concern over large quantities being aspirated,
it is also important to establish swallowing safety in an everyday context. It would
be reasonable to assess pudding consistency or very viscous thick fluids using a tea-
spoon, because a teaspoon would be the way a healthy individual would ingest this
type of bolus (see also Chapter 3). Quantities smaller than a teaspoon may be dif-
ficult to form into a cohesive bolus. For example, it is easier to organize the swallow-
ing of a spoonful of peas than a single pea. The less viscous the bolus (i.e. the thinner
the fluid) the more debate there is over the ‘correct’ amount to be used to assess the
patient. Research tells us that the average mouthful of thin fluids swallowed by a
male is 25 ml and by a female is 20 ml (Adnerhill et al., 1989). Yet it seems common
practice that individuals are offered a spoonful (5ml) of fluid to assess swallowing
function in the clinical examination. In videofluoroscopy procedures even smaller
quantities are advocated (2ml to S5ml). Swallowing of small amounts can be as-
sessed purely by looking at saliva swallows, given that the average saliva bolus is
only 1 ml to 2ml. To approximate the normal ingestion of a liquid bolus something
closer to the 10ml to 20ml range is recommended. Note also that, for individuals
with sensory loss, a larger bolus may be required to trigger its presence within the
oral cavity. A smaller bolus may not be sufficient to alert the brain stem to its pres-
ence, and the individual has a higher likelihood of aspiration in this event. Also note
that some individuals may not have sufficient oral motor control for a large volume,
with the bolus escaping prematurely and increasing risk of aspiration. Both large
and small mouthfuls should be considered in assessment.

During oral trials both the oral and pharyngeal stages of the swallow should be
monitored. The areas that should be investigated during oral trials are as follows:

* Ability to open the mouth to accept the bolus.

* Ability to close the mouth to contain the bolus within the oral cavity.

 Ability to chew the bolus if mastication is required.

» Evidence of primitive oral reflexes (e.g. bite reflex when the spoon is placed in or
near the oral cavity).

 Ability to control the bolus orally using lips, cheeks and tongue and to form a
cohesive bolus that is suitable to swallow.

e Document whether there is prompt or delayed swallow reflex initiation.

» Document the presence or absence of laryngeal elevation, and if present the extent
of excursion.

» Note whether the oral and pharyngeal phases appear to be coordinated.

» Note whether the patient is able to coordinate swallowing and respiration (i.e. is
there an apnoeic period, and is the apnoeic period sufficient for the time required
to move the bolus and any residue through the pharynx?).

» Note any changes in phonation after swallowing. If phonation sounds gurgly or
wet, the clinician may ask the patient to cough and then swallow to see if the vocal
quality changes.
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« Note any instances of reflexive coughing after swallowing.

e A healthy swallow is very fast. Gauge the amount of time spent in the oral phase
and the pharyngeal phase. In healthy individuals each phase should be approxi-
mately one second in duration (Logemann, 1998).

 The clinician should check for oral residue after swallowing in the buccal sulcii,
particularly noting any asymmetry.

— If there is oral residue evident, note whether it is cleared spontaneously or re-
quires the clinician to direct that it be cleared. Note the perceived efficiency of
clearing pooled material.

Performance in each of these areas should be noted for each swallow tested. Care
should also be taken with noting patient fatigue as some quantities or consistencies
may result in higher fatigue levels. It is important to note these as they have an im-
pact on swallowing management.

PHASE 6 - REFERRAL FOR OTHER ASSESSMENTS

As noted at the beginning of this chapter, the clinical examination is not the only
assessment device available. It is imperative that we are able to carry out a thorough
clinical examination in order to decide whether further assessments are required
and, if so, which ones. Clinicians also need to be familiar with the applications,
limitations and patient suitability for other assessment procedures. Referral for
other assessments should be made on the basis of the additional information that
these assessments will provide. This is an important point. Patients need to be
selected on an individual basis for need of further assessment. Referral for further
assessments is usually to provide further information about the pharyngeal phase
of the swallow. The oral phase of the swallow is usually well quantified with a
thorough clinical examination. It is not always possible, however, to infer what
is happening in the pharyngeal phase of the swallow. In this instance, imaging
assessments where the pharynx can be visualized are usually recommended (see
Chapter 8).

PHASE 7 — OVERALL IMPRESSION

This phase of the assessment requires integration of all information gathered to
date. The clinician should bear in mind the medical diagnosis of the patient, the
clinical features that were observed before the assessment began, the individu-
al’s ability to communicate and to understand directions or explanations, suit-
ability for oral trials and, if carried out, the results of oral trials. The clinician
will also have made a decision about whether further instrumental assessments
are required. Using all of this information the clinician should be in a position
to determine the severity of the dysphagia and the prognosis. Dysphagia is usu-
ally classified as mild, moderate or severe. An alternative scale sees swallowing
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classified as normal, possible swallowing impairment, probable swallowing
impairment or definite swallowing impairment (Mann et al., 2000). One of the key
factors to determining degree of swallowing impairment is safety, and with that
the degree of risk for aspiration and/or choking. The degree of risk then dictates
the management and treatment plan. In some cases, it may not be until after instru-
mental procedures are completed that the diagnosis and management plan can be
formulated.

PHASE 8 - MANAGEMENT PLAN

Treatment and management of adults with swallowing disorders are discussed in
detail in Chapters 11 and 12. Cues for the problem-solving process in individual
management plans are:

« Is it safe for the person to commence an oral diet?

— What type of diet? Are there any restrictions?

— Can the person feed himself or herself independently or is supervision/assist-
ance required?

— Are there any positioning issues?

« Is it safe for the person to take medications orally?

— Prompt for review of how medications are administered.
— Are there medications that are suspected of exacerbating the dysphagia?

 Are there special instructions for staff/carers to cease oral feeding and request a
review by the speech pathologist?

* Which treatment/s are suitable for this case?

* Are there oral hygiene issues?

Once these issues have been dealt with, the clinician will be in a better position
to determine treatment modes. At the completion of the assessment, the clinician
should communicate the results of the assessment to the medical team, the patient
and carer or family. The clinician should also decide whether referrals for instru-
mental procedures are warranted (see also Chapter 8).

OTHER NON-IMAGING ASSESSMENTS OF DYSPHAGIA

As noted earlier, the clinical assessment of dysphagia is the first assessment used by
the speech pathologist to establish whether the individual has dysphagia. In order to
enhance the reliability of the clinical assessment, two other screening tools may be
used as adjuncts. These are:

» cervical auscultation; and
* pulse oximetry.
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ADJUNCTS TO THE CLINICAL EXAMINATION OF
DYSPHAGIA - CERVICAL AUSCULTATION

HISTORY AND DEFINITION

Cervical auscultation (CA) is an assessment of the sounds of swallowing and swal-
lowing-related respiration. It comes from ‘cervical’ pertaining to the cervical region
and ‘auscultation’ meaning to listen to movement. Auscultation is not a new concept.
Colleagues in cardiac and respiratory medicine have been using it for centuries to
begin the investigative process of determining normal from abnormal heart and lung
sounds. Auscultation of deglutitory sounds has been reported in literature as far back
as 1905 (Logan et al., 1967). Through the medical profession, CA was given voice in
1967 with Logan et al.’s and Mackowiak et al.’s work. The doctors were investigating
the sounds associated with physiologic actions frequently used in medical diagnosis
at the time. Using a tie-clip microphone and a spectrogram drum, the researchers
recorded the spectrograms of:

e cough;

e swallow;

« forced respiration; and
e vocalization.

It was evident that each of the physiological actions produced a characteristic spec-
trogram — each one distinguishable from the other. The researchers also discovered
that the spectrograms of swallowing sounds changed depending on the quantity and
type of bolus being swallowed. They stated that the technique of listening to physi-
ological sounds for diagnostic purposes showed great potential and should be con-
sidered as a valued assessment of normal and altered swallowing function.

Speech pathology interest in the field did not commence, however, until the late
1980s (Hamlet et al., 1988). Since that time research has been published on:

» methods of detecting swallowing sounds;

» what the sounds might mean;

» whether swallowing sounds are symmetrical;

« the acoustic characteristics of healthy swallowing sounds; and
» swallow-related respiratory sounds.

The use of sounds as a diagnostic medium is hardly new. The medical profession
has been using physiological sounds to assess and monitor cardiac and respiratory
function for centuries. Advancement in technology has allowed greater scope for in-
depth physiological assessment; however, assessments most commonly commence
with a perceptual acoustic assessment.

THE CAUSE OF SWALLOWING SOUNDS

One of the main criticisms of CA is that the cause of the sounds is unknown. If
we don’t know what causes the sounds, what use are they in diagnostics? There
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are many theories on the cause of swallowing sounds, the most recent provided by
Cichero and Murdoch (1998), which will be expanded upon here. Depending on the
literature, there are two or three distinct swallowing sounds. Cichero and Murdoch
(1998) believe that there are two true swallowing sounds, and one swallow-related
respiratory sound that occurs almost immediately after the swallow. The cause of
swallowing sounds is easier to understand if the oral and pharyngeal systems are
viewed as a series of mechanical and hydraulic actions caused by the movements of
anatomical pumps and valves.

THE OROPHARYNX: A SERIES OF PUMPS AND VALVES

The orophayngeal anatomy can be viewed as a series of pumps and valves. Valves
would include the labial valve (lips), linguapalatal valve, nasopharyngeal (soft pal-
ate), oropharyngeal valve (formed by the tongue and the soft palate), laryngeal
valve, upper oesophageal valve (between pharynx and oesophagus), and oesopha-
gastric valve (between oesophagus and stomach). These are structures that open
and close. The lips need to be shut to contain the bolus within the oral cavity. The
tongue must contact with the hard palate to move the bolus posteriorly. The soft
palate intermittently contacts with the posterior surface of the tongue during bolus
preparation. The tongue helps to seal the oral cavity from the pharyngeal cavity
during the swallow. The larynx is valved in a variety of ways including intrinsically
via arytenoid closure of the vocal folds and extrinsically by closure of the epiglot-
tis over the laryngeal vestibule. Cricopharyngeus opens to allow the bolus into the
oesophagus and the valve at the distal end of the oesophagus allows the bolus to
pass from the oesophagus into the stomach. Failure of any of these valves will have
repercussions for swallowing. The valves can be seen as part of the mechanical
component to swallowing.

A number of pumps are used during swallowing. These can be seen as having
a hydraulic action. Pennington and Kreutsch (1990) disclosed four pumps, these
being the oral pump, the pharyngeal pump, the oesophageal pump and the respira-
tory pump. No formal explanation is offered but it can be extrapolated that the oral
pump pertains to the tongue. Its piston-like action acts to expel the bolus from the
oral cavity. The pharyngeal pump refers to the pharyngeal clearing wave of verti-
cal shortening and horizontal contractions as the bolus is moved briskly through
the pharynx. Once the upper oesophageal valve has been opened the oesophageal
pump can move the bolus through this structure using peristaltic actions. The res-
piratory pump is included because of the anatomical configuration of the phar-
ynx. In a unique ‘biological time-share’ the pharynx is the shared medium for
swallowing, respiration and phonation. In a simplistic explanation the respiratory
pump must shut down during swallowing and then recommence after swallowing
in order to maintain its safe functioning. Problems occur when there is debris left
in the mutual structure of the pharynx, or if the respiratory pump is not safely disa-
bled, or if its mechanism is ill-protected during the swallow (see also Chapter 4).
Once viewed in this manner, the explanation of what causes swallowing sounds is
simpler.
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THE FIRST SWALLOWING SOUND

Using principles from heart and Iung sound propagation and vocal tract acoustics,
Cichero and Murdoch (1998) proposed that the first swallowing sound is caused by
the following actions: closure of the laryngeal valve, in conjunction with the tongue
(lingual pump) delivering the bolus to the posterior pharyngeal wall. These actions
set the pharynx into vibration, causing it to emit a sound. McKaig (2002) estab-
lished, using 55 subjects and videofluoroscopy synchronized with cervical sound,
that the first swallowing sound occurs when the bolus is visualized at the base of the
tongue. In agreement with the hypothesis put forward above, he states that the first
sound is likely to be generated by actions causing the bolus to be transferred into the
hypopharynx. There is then a small hiatus between the first and second swallowing
sound. This hiatus can last for approximately 20ms to 60ms (McKaig, 2002). In
some individuals, however, the hiatus is so small as to be almost obscured. This is
an apparent normal variation.

THE SECOND SWALLOWING SOUND

Cichero and Murdoch (1998) suggested that the bolus passes relatively quietly
through the pharynx, until a second disturbance causes further vibration of the
vocal tract. The authors suggest that the second sound is caused by the following
actions: the mechanical movement of opening of cricopharyngeus in combination
with the pharyngeal clearing wave combine to cause further vibration, which gen-
erates the second swallowing sound. The turbulence created by the bolus itself
may also contribute to the sounds of swallowing. McKaig (2002) using analysis of
synchronized videofluoroscopy and cervical sounds concurs that the second sound
coincides with full cricopharyngeal opening, allowing the bolus to flow into the
oesophagus.

THE GLOTTAL RELEASE SOUND

The presence of three audible sounds associated with swallowing has been docu-
mented since the inception of the technique in 1967. There is some debate, however,
as to whether the final sound, the so-called ‘third swallowing sound’, is in fact a
swallowing sound, or merely a sound that accompanies the true swallowing sounds.
Mackowiak et al. (1967) stated that this final sound follows the other two swallow-
ing sounds after a delay of 300-400 ms. Cichero and Murdoch (1998) postulated
that the final sound is most likely to be the result of ‘unvalving’ of the respiratory
system. It causes minor vibration through the opening pharyngeal pathway due to
mechanical movement of the epiglottis, aryepiglottic folds, arytenoid cartilages and
true vocal fold movement. These movements are responsible for a short puff of air
being released from the larynx resulting from apnoea during the swallowing event.
Again using synchronized videofluoroscopy with cervical sounds, McKaig (2002)
showed that the final sound occurs with, but may not be exclusive to, opening of the
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glottis, release of trapped subglottal air, separation of the pharyngeal walls, return of
the epiglottis to neutral and the reinitiation of tidal breathing. The sound of air being
released is quite distinctive and it is for this reason that some authors have dubbed
this sound the ‘glottal release sound’ (Cichero and Murdoch, 2003). Given the ex-
planation above, it should be clear, then, that the glottal release sound follows the
swallowing sounds but is not in itself a swallowing sound. It is more closely aligned
with respiratory sounds.

ACOUSTIC CHARACTERISTICS OF SWALLOWING SOUNDS
Healthy non-dysphagic individuals

Swallowing sounds are highly individual. In much the same way that we have in-
dividualized voiceprints so swallowing sounds are also quite idiosyncratic. In a
healthy non-dysphagic individual, swallowing sounds are short, measuring approxi-
mately 0.4s. They have a fairly stable intensity of 43 dB and an average frequency
of 2200Hz (Cichero and Murdoch, 2002a). Interestingly the frequency range for
healthy swallowing sounds is the same as for the vowel /i/ in ‘heed’. Note the config-
uration of the tongue and oral structures when this vowel is made, and notice that it
is the gesture one makes when getting ready to initiate a swallow. Descriptively, nor-
mal swallowing sounds are short, sharp and crisp. Evidence of the so-called ‘double
clunk’ of the first two swallow sounds may be audible. It is equally the case, though,
that the swallowing sounds happen in such quick succession that they may be blurred
and appear as one sound.

Normal variations in swallowing sounds

Swallowing sounds change depending on the age of the person swallowing, what is
swallowed, and the quantity that is swallowed. As noted above, swallowing sounds
are very fast. When measured using acoustic anlaysis software, it has been demon-
strated that swallowing sounds become longer as we get older. The differences are
statistically significant; however, it would be with extensive exposure to a range of
normal swallowing sounds that the clinician would be able to appreciate the differ-
ences perceptually. The changes in the duration of swallowing sounds as individuals
age are presented in Table 7.2. Note also the physiological evidence referred to in
Chapter 2, which shows that swallowing becomes slower as we age.

Table 7.2 Swallowing sound duration: Variation by age

One year” 18-35 years™ 36-59 years™ 60+ years™

0.12s 0.37s 0.48s 0.52s

*Willett (2002), “Cichero and Murdoch (2002).
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Swallowing sounds become shorter as the bolus volume increases. The duration
of a swallowing sound of a Sml bolus is 0.465s, whereas the duration of the swal-
lowing sound from a 10/15ml bolus is 0.4s (Cichero and Murdoch, 2003). These
results are statistically significant, although would be difficult to perceive via listen-
ing alone. Swallowing sounds get shorter and lower pitched as the fluid gets thicker.
The average duration of a swallow of thin fluids is 0.4s, however the average dura-
tion of a swallow of thick fluids is 0.34 s — these differences are perceptually obvi-
ous even to the naive listener. The differences as a result of bolus viscosity can be
explained as follows. Remember first that swallowing sounds are caused by putting
the pharynx and surrounding structures into vibration. As an analogy, if one were to
take a crystal vase and drop a cup of water into it, the highly fracturable liquid would
rush against the sides of the vase and cause it to vibrate and emit a sound. The lack
of cohesion of the volatile liquid bolus such as water means that it when dropped into
the vase will cause turbulence before settling. Take the same crystal vase and this
time drop a cup of yoghurt into it. The yoghurt will still put the vase into vibration
but the yoghurt is a more cohesive substance. Its internal makeup will mean that the
sound will be dampened and absorbed, hence the vase will vibrate for a shorter pe-
riod of time. In addition, the sound-absorbing qualities of the yoghurt will lower the
pitch of the vibration. Consequently, a more viscous bolus produces a shorter, lower
pitched sound than a thin liquid bolus. A similar argument could also be made for
solid boluses. Once again, these are transformed into a cohesive bolus by the proc-
ess of mastication and the addition of saliva. A cohesive bolus will provide a shorter
sound than a fracturable bolus.

Dysphagic individuals

There are very few studies into the acoustic characteristics of dysphagic individu-
als. There has been some attempt to discriminate between dysphagic individuals
who aspirate/penetrate (aspirators), and dysphagic individuals who do not as-
pirate/penetrate (dysphagics). Both groups have longer swallowing sounds
than healthy individuals (dysphagic individuals — 0.92s; aspirating individuals
—0.65s). Both groups have somewhat softer swallowing sounds than healthy indi-
viduals. Both groups tend to have higher pitched swallowing sounds than healthy
individuals.

THE BIG PICTURE — THE SWALLOW-RESPIRATORY CYCLE

Until this point swallowing sounds have been viewed as isolated events. The act of
swallowing, the pharyngeal phase, does not occur in isolation. Taken out of context
it is easy to see why an assessment based purely on swallowing sounds might cause
some to be concerned. There are other elements that need to be considered: the
oral preparatory phase, the oral phase, and very importantly swallow-respiratory
coordination. In other words, we need to consider what happens either side of the
swallow.
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Before the swallow
Before the swallow:

« the bolus is delivered to the mouth;
« the oral preparatory phase occurs;
« the oral phase occurs.

In healthy individuals the clinician may hear the sounds of respiration, mastication if
the bolus requires chewing, sounds associated with the tongue contouring to manipu-
late the bolus, and perhaps fluid being transferred into the oral cavity. In dysphagic
individuals, in addition to the sounds mentioned above, clinicians may hear wheez-
ing, altered respirations (stridor, breathing through fluid), or grunting. Oropharyn-
geal transit time can be calculated from the pre-swallow phase. This would be the
time from when the bolus enters the oral cavity until the swallowing sound is heard.
For healthy individuals the average oropharyngeal transit time for thin liquids is 1.6,
and is longer for more viscous fluids (1.9 s). Both dysphagic (4.6s) and aspirating in-
dividuals (1.97s) have longer oropharyngeal transit times than healthy individuals.

During the swallow
The following events occur:

» swallow reflex initiation;

« the pharyngeal phase of the swallow;
 the sound of the swallow;

* respiration has ceased.

The acoustic characteristics of healthy non-dysphagic swallows, dysphagic non-
aspirating swallows, and dysphagic aspirating swallows have been described in
detail above.

Immediately after the swallow
Immediately after the swallow:

« the oral and pharyngeal system is returning to rest;
« the airway reopens causing the glottal release sound.

In healthy individuals, this sound is short at approximately 0.2s in duration. It is
also softer than the swallowing sound at 38 dB. It is audible as a short sharp puff
of air immediately after the swallow but before tidal respirations recommence. In
dysphagic individuals the glottal release sound may be absent or very soft. When the
glottal release sound is audible in the aspiration group it is often violently explosive.
Both aspirating (0.53 s) and dysphagic (0.74 s) individuals have longer glottal release
sounds than healthy individuals. A delay in the glottal release sound probably indi-
cates that the airway has been closed for a longer time.
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After the swallow or glottal release

After the swallow has been completed tidal breathing recommences. In healthy
individuals, tidal respirations should recommence immediately after the glottal re-
lease sound. In dysphagic or aspirating individuals post swallow sounds may include
coughing, throat clearing, bubbling or gurgling, ‘wet’ sounding respirations, stridor-
ous breathing, wheezing, or an increased respiratory rate.

Total swallow cycle time is a useful measure of swallowing safety and efficiency.
In healthy individuals the time for the whole swallowing cycle to occur (i.e. from
when the bolus touches the lips until tidal respirations recommence post swallow) is
very swift (2.47s). In dysphagic and aspirating groups the picture is quite different.
In general dysphagic individuals have slow oropharyngeal transit times, slow swal-
lowing sounds, and a small delay to resuming normal rhythmic tidal respirations
(9.945). Aspirating individuals have been found to have patterns similar to the above
with a large delay to resumption of normal rhythmic tidal respirations (12.23s). As-
pirating individuals have also been found to have oropharyngeal transit times and
swallowing sound times that are longer than the healthy group but shorter than the
dysphagic group. However, the post-swallow time that it takes them to resume nor-
mal rhythmic tidal respirations always far exceeds that of the healthy and dysphagic
groups.

TOOLS OF THE TRADE - LISTENING TO SWALLOWING SOUNDS AND
SWALLOW-RELATED RESPIRATORY SOUNDS

‘Auscultation’ is the act of listening and is used in the medical profession to refer to
the act of listening to sounds made by internal organs. The swallow-respiratory cycle
makes sounds and is audible with the aid of a listening device. Listening devices
include a stethoscope and a microphone. The vibrations made during swallowing
and respiration can also be detected using an accelerometer. Each of these devices
and its clinical applicability is described below. In clinical practice a stethoscope is
most commonly used due to cost and ease of portability. A microphone is also port-
able when coupled to a tape recorder. An accelerometer is the least likely to be used
in the clinical environment, reserved more for research purposes. Both microphone
and accelerometer can be plugged into:

* acomputer;

* atape recorder;

« the audio channel of a video recorder (for example during videofluoroscopy); and
* the audio channel of a handicam camera.

The stethoscope

The stethoscope was invented in 1816 by Dr Rene Laennec. He created a cylinder
from a pile of papers and placed his ear at one end and the other end on the patient’s
chest. Finding that this made the sound louder than if he had placed his ear directly
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on the patient’s chest (as was the norm), it inspired him to create a wooden version
(Abdulla, 2001). The name ‘stethoscope’ comes from the Greek stethos meaning
chest, and scopien the Latin for ‘to view’. The stethoscope has long been used by
the medical fraternity for the clinical assessment of cardiac and respiratory systems.
Even in these fields, however, it would appear that its use has waned with the advent
of more sophisticated diagnostic tools. Weitz and Mangione (2000) caution, however,
that bedside skills such as auscultation should be part of the formal armamentarium
for initial investigations. They describe auscultation as an ‘essential filter’ that al-
lows the practitioner to determine the best path for further diagnostic investigations.
Without this filter there is the possibility that patients will undergo a battery of tests
when realistically they may have only needed one or two if properly screened using
the stethoscope. Too many instrumental assessments are likely to raise the costs of
care and may be time consuming (Weitz and Mangione, 2000).

Composition of the stethoscope

The stethoscope comprises a headset — i.e. earpieces (binaurals — one earpiece
per ear), connected to tubing, which connects to the ‘chestpiece’. In better quality
stethoscopes it is possible to adjust the angle of the earpieces so that the eartips
follow the typical anatomy of the ear. The eartips should, therefore, face forward
(towards the nose) as they are inserted into the ear so that sound can follow the pas-
sage of the ear canal.

The headset is usually metal and descends to meet at a junction like the letter Y’
to the tubing, which connects the headset to the chestpiece. The tubing is usually
made of either latex or plastic tubing. Latex-free tubing is likely to have more longev-
ity than the latex variety. It is imperative that this tubing remains free from holes, as
the sound is transmitted from the chestpiece via this tubing to the earpieces. Holes
in the tubing allow the sound to escape, thereby making the sound softer and pos-
sibly changing the quality of what is heard. It is important that, when not in use, the
stethoscope tubing should not directly touch the skin (such as the skin around the
neck). The oils naturally occurring in the skin can, over time, cause perforations to
occur in the tubing. It is also important that the tubing does not touch clothing or
bed linen during auscultation, as the sound of these items rubbing against the tubing
can be heard, thereby distorting the sound of interest. The tubing may be single or
double lumen. This simply means that there may be one tube (single lumen) or two
tubes, one inside the other (double lumen).

The chestpiece in most stethoscopes is made up of a bell and a diaphragm. The
bell is shaped like a bell and allows a dome-shaped air-filled space to be formed
when placed on the skin. The bell is best used to hear low frequency sounds, such
as those below approximately 1,500 Hz. Breath sounds and heart sounds usually fall
into this low frequency range (Hamlet et al., 1994). The diaphragm is found on the
other side of the bell. It has a flat surface and is best used for the auscultation of high
frequency sounds. The clinician selects either the bell-mode or the diaphragm-mode.
This is done by holding the chestpiece stem in one hand and rotating the chestpiece
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with the other. On close inspection, in the centre of both the bell and diaphragm
chestpieces there is a hole. If using the bell mode, the hole in the centre of the bell
should be open. When the bell is placed on the patient the sound is directed through
the hole, up the tubing to the earpieces. When the hole is open in the bell, it is closed
on the diaphragm. To listen using the diaphragm, the clinician turns the chestpiece
so that the hole is open on the diaphragm side, and then applies the diaphragm side
to the patient’s skin surface.

There are many different types of stethoscopes — e.g. adult and paediatric (and
neonate) stethoscopes. The most distinguishing features of these are the size of the
chestpieces. The chestpiece of the neonate stethoscope (bell diameter approximately
20mm, diaphragm approximately 30 mm) is noticeably smaller than that of the adult
chestpiece (bell diameter approximately 35 mm, diaphragm diameter approximately
45mm). Some stethoscopes are simply made of better quality materials and hence
are better at conducting sound; not surprisingly these are the more expensive ones.
Some stethoscopes are designed for cardiac use and provide superior acoustics due
to their design. There are also electronic stethoscopes where it is possible to record
the audio signal and download it onto a computer.

Hamlet et al. (1994) investigated six popular stethoscopes to see:

« whether the frequency response of the stethoscope is suitable for use in the auscul-
tation of swallowing sounds; and

« whether any of the stethoscopes investigated provided particularly favourable use
for cervical auscultation of swallowing.

The authors found that stethoscopes are suitable for use in cervical auscultation of
swallowing, being capable of faithfully transmitting sounds within the frequency
range of swallowing sounds (up to 3,000Hz). The authors draw attention to an im-
portant feature of stethoscopes — their ability to transmit sound at both high and
low frequencies without distortion. Richardson and Moody (2000) and Kuhn (1995)
noted that, for all stethoscopes, the tubing and chestpieces themselves affect the
transmission of sounds and the selective filtering of the sounds. Variables that can
affect what is eventually heard at the ears include: ‘the length, thickness and bore
of the tubing, the size and shape of the bell or diaphragm, and the material of the
diaphragm’ (Richardson and Moody, 2000: 795). Stethoscopes used for cervical
auscultation of swallowing should be of good quality that fulfil the aim of faithfully
transmitting sounds in frequency ranges important for the swallowing-respiratory
cycle (i.e. approximately 500 Hz and approximately 2,000-3,000 Hz). In my clinical
experience, I have found stethoscopes typically used in cardiology to be excellent
for use in cervical auscultation and that the bell mode provides the cleanest acous-
tics for listening to swallow-respiratory sounds. The following information has been
adapted from Richardson and Moody’s (2000) statements to physicians about opti-
mizing auscultation in a clinical examination:

e Use a quiet and comfortable place for assessment.
» Ensure a light but good seal between the chestpiece and patient’s skin surface.
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» Ensure that the earpieces are inserted correctly and have a proper airtight fit (when
correctly applied it should sound as though you are ‘under water’). There is a sig-
nificant loss in energy resulting from air leaks.

» Reduce external noise.

» Ensure optimal placement for cervical auscultation (i.e. midline or lateral border
of the trachea immediately inferior to the cricoid cartilage).

» Use universal precautions to guard against cross-contamination between patients
and clinicians by using an alcohol wipe to cleanse chestpiece and eartips between
patient and clinician use.

Positioning the stethoscope for cervical auscultation — sound generation

A theoretical framework has been presented above to outline the causes of sounds in
the swallow-respiratory cycle. It is important to refer back to the cause of swallow-
respiratory sounds to determine where the best place is to put the stethoscope. Note
first of all that ‘sound is a form of energy resulting from oscillation of pressure level’
(Richardson and Moody, 2000: 792). The energy must then be transmitted through
structures so that they are loud enough, and at a frequency range that can be heard.
Cichero and Murdoch (1998) have suggested that the bolus, vibrations in the pharynx,
oesophagus and trachea, together with opening and closing of the laryngeal valve and
upper oesophageal valve are variously responsible for the sounds heard during the
swallow-respiratory cycle. It is suggested that swallow-respiratory sounds are propa-
gated down the pharynx, following the direction of bolus flow. This assumption is
based on the idea that during speech, sound waves travel up the vocal tract to be
expelled at the mouth (Davies et al., 1993), whereas for swallowing it is assumed that
sound follows the bolus downstream towards the oesophagus. In much the same way
that it is easier to be heard when shouting with the wind than against it, it was assumed
that any acoustic unit to detect swallowing sounds should be placed downstream of
the point of origin of the sound source. Note also that a lateral placement in the region
of the thyroid cartilage may accentuate the carotid pulse, making it harder to distin-
guish the swallowing sound. In addition, a lateral cervical placement risks ausculta-
tion over the stenocleidomastoid muscle, which may dampen the swallowing sounds.

Takahashi et al. (1994) investigated 24 cervical sites in order to determine the
best site of placement for a standardized CA assessment. In confirmation of the
theory outlined above, they found that placing the acoustic detector unit (micro-
phone) above the level of the thyroid cartilage yielded inferior results to those taken
from sites below the level of the thyroid cartilage. Takahashi et al. (1994) found the
optimal sites of placement to be (in order from most to least favourable):

1. The area over the lateral border of the trachea, immediately inferior to the cricoid
cartilage (optimal site).

2. Centre of the cricoid cartilage.

3. Mid-point between the site over the centre of the cricoid cartilage and a site im-
mediately superior to the jugular notch.
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Cichero and Murdoch (2002b) concur with Takahashi et al.’s (1994) findings and
also found that midline placement on the trachea immediately below the cricoid
cartilage was an acceptable site of placement. Hiiemae (1994) challenged the tradi-
tional site of placement on the cervical region by using the external auditory meatus
to record swallowing sounds. The author claimed that the benefits of using this site
were:

« stable placement;
« reduced probability of recording skin noise; and
« reduced likelihood of recording muscle contraction noise.

There are, however, some problems with using the external acoustic meatus to record
swallowing sounds as it assumes normal Eustachian tube function. Abnormal Eus-
tachian tube function may distort the signal. Moreover, noise from the temperoman-
dibular joint may provide additional extraneous noise. For these reasons, the cervical
site of placement appears to be optimal.

In clinical practice, the site used varies marginally from patient to patient. For
some patients sounds are best heard from the midline position below the cricoid; for
others it is a more lateral placement on the trachea immediately below the cricoid
cartilage that provides the clearest sounds. As a general rule, if tidal breath sounds
can be clearly distinguished in the area immediately below the cricoid, whether mid-
line or lateral, then this position will be best for auscultating swallow-respiratory
sounds.

The microphone

Microphones, despite their variety (contact, gradient and cavity), need no particular
introduction. Zenner et al. (1995) reported that microphones pick up a broad spec-
trum of sound, taking in the sounds of muscle, fluid movement and breath exchange.
Microphones can be attached to the skin surface using tape to keep them in place.
They can be connected to a tape recorder, minidisk recorder, computer, the audio
channel of a video recorder or the audio channel of a handicam. These options allow
the clinician to record and preserve the acoustic signal in isolation, or in conjunction
with a visual image (as in the case of the video recorder and handicam recorder). A
gradient microphone is reported to be the most suitable for use in cervical ausculta-
tion. These microphones have a flat frequency response over a broad frequency range,
meaning that they will reliably transmit frequency information from the source of
interest without attenuating parts of it. The disadvantage of any microphone is that
it is likely to pick up not only the signal of interest but also any other ambient noise.
This makes it difficult to filter the ‘wanted acoustic signal’ from the unwanted. Of
the different types of microphone available, the gradient microphones are reported
to provide reasonably good rejection of the unwanted noise elements. They are also
light in weight, making them highly suitable for CA use. The key to good use of the
microphone to record CA sounds while minimizing background noise is to ensure
a good seal between the microphone and the skin surface. The best system is one
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where there is a relatively unbroken chain between the sound source and the listen-
ing/recording device. In this respect the stethoscope and the microphone have nearly
identical requirements.

The accelerometer

The accelerometer transduces body movement at the skin surface and turns it into
a proportional acoustic signal. The vibrations picked up at the skin surface are
transformed into an acoustic signal. These vibrations may be the result of sound or
vibration generated within the body (Kuhn, 1995; Zenner et al., 1995). Accelerom-
eters have been popular acoustic detector units for use in CA studies due to their
flat frequency response over a large frequency range. For swallowing sounds, the
device should transmit sounds equally well throughout the range from 0-8kHz,
without distortion of the signal. Accelerometers are also very good at picking up
only the signal of interest due to their proximity to the sound source. One does not
encounter the problem of picking up extraneous background noise when these de-
vices are used. Unfortunately, this same feature also means that has more difficulty
picking up an acoustic signal where there is a large amount of subcutaneous tissue
between the point where the sound is generated and the accelerometer (Takahashi
et al., 1994). For this reason, it may be difficult to auscultate or record CA sounds
from obese individuals. Accelerometers are also considerably more expensive than
microphones.

USING CERVICAL AUSCULTATION AS AN ADJUNCT TO THE
CLINICAL EXAMINATION

Cervical auscultation should be viewed as an adjunct screening tool. Clinicians
use an additional medium, that of sound, to enhance their understanding of the
patient’s presentation. Even in cardiac auscultation, the benefits of auscultation re-
late directly to:

« the training of the auscultator;

« their experience in having heard a range of sounds so as to develop an internal
yardstick; and

» knowledge of possible sounds that might be heard (Richardson and Moody,
2000).

Note that there is a saying, attributed to Dr Merrill Sosman, which relates to radiol-
ogy but is equally relevant to auscultation: “We only see what we look for, we recog-
nize only what we know’ (Richardson and Moody, 2000). The astute clinician uses
information from the auscultation to augment the information that has been gathered
during the clinical examination. Table 7.3 provides a guide to incorporating cervical
auscultation with the clinical examination of swallowing. The following acoustic
features can be observed during cervical auscultation:
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Table 7.3 Clinical assessment of dysphagia plus cervical auscultation

e Standard oromotor assessment
CN V: jaw strength, speed and range of movement
VII: upper face, lower face

IX, X: soft palate function, gag reflex, phonation, cough, dry swallow
XII: tongue strength, speed and range of movement

* Observe respirations ‘at rest’

(normal adult = 16-20 breaths per minute or ~ one and a half per 55s)
o Listen to respiratory sounds via stethoscope

o If sounds wet/gurgly ask pt. to cough/swallow/clear throat — > any change to
respiratory quality?

e Traditional clinical assessment — swallow trials
o Judge oral transit time.
o Estimate delay to swallow initiation.
o Feel range of laryngeal excursion.
o Hypothesize competence of pharyngeal phase.

¢ Auscultate

o (If having trouble getting good sounds start at the sternal notch in the mid line. Once
you have good breath sounds, move up and slightly laterally.) Optimal position lateral
border of the trachea immediately inferior to the cricoid cartilage.

Observations and scoring during auscultation

Respiration Glottal Post trial
at rest Pre-swallow Swallow release Post-swallow respiration
0 Tidal Crisp. Clear. Presentor  Tidal 0
respiration. absent respirations.
1 Breathing Quick. Loud. Gurgling. 1
throughout  Coordinated. Bubbling.
oral phase. Stridor.
2 Quality of Coughing/ 2
sounds. clearing.
3 Audible Dissociated. Increased 3
tongue Dull. respiratory
pumping, Constricted. rate.
etc Drawn-out. Crackles.
Choking.

¢ Implement manoeuvres/techniques and re-assess sounds during manoeuvre.
e Trial a different consistency.

* With each change observe changes to respirations and swallowing cycle.

Scale for judgement of abnormality of respiration (Morton et al., 2002)

0 = No abnormality (regular, calm, controlled respiration).
1 = Mild abnormality (regular, fast and shallow respiration).

2 = Moderate abnormality (irregular, fast and shallow respiration).
3 = Severe (irregular, fast and deep respirations).
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 presence of pharyngeal swallow events (Lefton-Greif and Loughlin, 1996);

e number of sucks per swallow (Lefton-Greif and Loughlin, 1996) or number of
swallows per mouthful;

« sound of bolus transit (Lefton-Greif and Loughlin, 1996);

« estimates of the time for oral phase preparation and the initiation of the reflex
stage (Lefton-Greif and Loughlin, 1996);

* bubbling sounds overlying respiration (Comrie and Helm, 1997);

* wet respirations;

 coughing, clearing and stridor (possibly elicited from penetration or aspiration of
the bolus into the larynx) (Comrie and Helm, 1997);

» ‘hard swallows’(Comrie and Helm, 1997);

* chirping noises (Comrie and Helm, 1997);

 gasps (Comrie and Helm, 1997);

 coughing or choking;

« coordination of swallowing and breathing (rhythmic or arrhythmic);

 apnoea (no breathing) or tachypnea (fast breathing rate).

ADVANTAGES AND LIMITATIONS OF CERVICAL AUSCULTATION

There are a number of advantages to using cervical auscultation as an adjunct to
the clinical assessment of swallowing. With proper training it is easy to use and
inexpensive. It has the advantage of using real food and permits the assessment to
be conducted where meals are normally eaten — thus removing the ‘test situation’ so
often seen during the instrumental assessments. In the hands of an experienced cli-
nician, the use of cervical auscultation will allow the clinician to ask patient-specific
questions of the videofluoroscopy assessment. Clinicians also have the advantage of
being able to monitor swallowing throughout an entire meal period. This technique
highlights the importance of the coordination between respiration and swallowing.
Aberrations of the normal swallow-respiratory cycle (see Chapter 4) can be dis-
cerned by the experienced clinician. Gasping after the swallow likewise indicates
that there is swallow-respiratory incoordination that potentially places the person at
risk of aspiration. This insight into swallow-respiratory coordination is one of the
advantages of this technique not easily matched by others.

There are of course well-documented disadvantages too, one being that we do
not know what causes the sounds. Cichero and Murdoch (1998) have put forward a
theoretical view of the cause of swallowing sounds; however, this theory has thus far
neither been proved nor disproved. Further research is needed to verify the physi-
ological cause of the sounds. We should take heart from the fact that physicians
commonly use observations of cardiac and respiratory sounds to direct further in-
vestigations more effectively. Medical research has enabled physicians to tie specific
cardiac and respiratory sounds to physiological events. For cervical auscultation of
swallowing sounds it is not a case of whether this will happen, but when.

Using stethoscopy or auscultation via an amplified microphone, the clinician’s
hearing abilities must be excellent. Similarly, training and experience are necessary
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Table 7.4 Agreement values when cervical auscultation is used as part of a
clinical assessment battery

Clinical checklist Clinical checklist
Agreement values without CA (%) with CA (%)
Sensitivity 85 89
Specificity 82 83
Positive predictive value 79 81
Negative predictive value 87 91

to benefit fully from auscultation. Cervical auscultation has a sensitivity of 84%
— 87% (Zenner et al., 1995; Eicher et al., 1994) and a specificity of between 71%
(Zenner et al., 1995) and 78% (Eicher et al., 1994) for detecting aspiration. CA used
as an adjunct to the clinical examination provides more accurate prediction of aspi-
ration as verified on videofluoroscopy than when the clinician exam is used in isola-
tion (Eicher et al., 1994). These results are shown in Table 7.4.

It is worthwhile at this point to review the meaning of the terms, sensitivity, spe-
cificity, positive and negative predictive values.

Sensitivity refers to the percentage of a population showing a characteristic (e.g.
aspiration) on the gold-standard assessment as compared with that predicted using
the new assessment. For example, eight patients are shown to aspirate on videofluor-
oscopy and eight patients are identified as aspirating using CA. This gives a sensi-
tivity rating of 100%. Note, however, that the eight patients identified as aspirating
using CA may not be the same eight identified as aspirating on videofluoroscopy.
The question then becomes ‘of the ones that did aspirate on videofluoroscopy, how
many were correctly predicted to be aspirators using CA?” The answer to this ques-
tion gives the positive predictive value of the technique. Returning to the example,
of the eight patients identified as aspirators using CA — it turned out that only five of
them were true aspirators confirmed using videofluoroscopy. Thus, although CA in
this example is highly sensitive (8/8 or 100%), its positive predictive value is not as
good (5/8 or 62.5%).

Specificity refers to the percentage of the population not exhibiting a particular
characteristic (e.g. aspiration) on the gold-standard assessment who are also pre-
dicted not to have that characteristic when assessed using the new assessment. So,
for example, six patients are found not to be aspirating on videofluoroscopy, whereas
only four are predicted not to be aspirating when assessed using CA. This gives a
specificity rating of 66.6%. Once again, it is important to ask, of the ones that were
predicted not to be aspirating using CA, how many did we get right when compared
with the gold-standard? If three of the four were correctly identified, this gives a
negative predictive value for the technique. From this discussion it should be ap-
parent that a tool can have excellent sensitivity and specificity records, but abysmal
positive and negative predictive values. All four aspects should be reviewed when
validation studies are reported.
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Shaw et al. (2004) used a multidisciplinary approach, with physiotherapists lis-
tening to swallowing sounds using the diaphragm of a stethoscope over the bron-
chus. They listened prior to, during, and for 15s after oral intake. The researchers
reported that risk of aspiration was accurately detected in 87% of cases and 88%
of individuals not aspirating were also correctly identified. Of 105 individuals, the
researchers found that one diet would have failed to have been adjusted and that 17
would have unnecessarily been adjusted.

Stroud et al. (2002) investigated inter-rater and intra-rater reliability of CA for the
detection of aspiration in patients with dysphagia. They found a sensitivity of 86%,
but a specificity of 56%. The authors agreed that clinicians were able to detect genu-
ine occurrences of aspiration very accurately when it truly occurred. However, they
concluded that speech pathologists were more likely to overpredict aspiration. Un-
fortunately, the researchers investigated the clinician’s ability to determine whether
aspiration had occurred from swallowing sounds isolated from all other clinical cues
(including that of respiration). Apart from the fact that the test data were signifi-
cantly skewed, the design of the study completely negates the underlying concept
that CA is an adjunct, not a tool to be used in isolation. In addition, it draws solely
on the swallowing sound, rather than taking it in context with pre-swallow and post-
swallow events. Stroud et al. (2002) also found that the clinicians showed a positive
predictive value of 31% and a negative predictive value of 94%. Although all of
the clinicians accurately discerned the aspiration sounds, they also identified other
sounds as aspiration sounds when they were not aspiration sounds. This is why the
positive predictive value is so low. The negative predictive value is very good. This
means that the clinicians were very good at accurately determining that aspiration
had not taken place. This is in itself very valuable. The absence of aspiration can be
just as important as its presence. Interestingly, Stroud et al. (2002) also found that
some individual clinicians had remarkably high intra-rater reliability. That is they
were very consistent with their analysis of the sounds, meaning that guesswork was
unlikely and that they were using their own internal criteria to determine aspira-
tion from non-aspiration sounds (Stroud et al., 2002). However, Leslie et al. (2004)
reported pockets of good, but mainly poor, intra-rater reliability and poor inter-rater
reliability. Note, however, that videofluorsocopy and endoscospy also have poor in-
ter-rater reliability (see Chapter 8). In contrast, Richardson and Moody (2000) have
reported that physicians who played a musical instrument were better at ausculta-
tion, as were those who used audio training tapes. These findings suggest that we
do not all share the same propensity for using auscultation, and that some clinicians
may need additional training to be able to reliably use the technique.

PULSE OXIMETRY

We do not consciously remember to breathe. Our body regulates this process auto-
matically, providing adults with approximately 16 to 20 breaths per minute. When
the normal cycle of breathing is interrupted, for example by lack of oxygen or airway
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obstruction, the respiratory system automatically compensates. Depth of respiration
may increase or the rate of respiration may become faster. When aspiration occurs,
a foreign body is introduced into the respiratory system, albeit usually quite high
in the system (the trachea). This will lead to a ventilation-perfusion mismatch and
consequently oxygen desaturation of arterial blood. This oxygen desaturation can be
measured using a pulse oximeter (Collins and Bakheit, 1997). It is logical that the
aspiration of a bolus (food, liquid or saliva) that is sufficient to alter the usual respi-
ratory pattern will have a follow-on effect on arterial blood oxygenation. If there is
insufficient air coming in, there is insufficient oxygenation occurring, which means
that less oxygen will be circulating in the blood. This is the basic premise behind
pulse oximetry when used as an adjunct during a dysphagia screening assessment. If
the patient’s oxygen saturation levels fall during oral trials, the assumption is made
that aspiration is likely to have occurred. This is also why it is deemed a screening
assessment, as it is unable to determine why aspiration occurred, to enable visu-
alization of the pharyngeal region, or to indicate whether the suspected aspiration
occurred before, during, or after the swallow.

Pulse oximetry is a non-invasive continuous measure of arterial oxygenation
using a probe attached to a pulsating vascular bed (i.e. finger, toe or ear lobe).
Red and infrared light are passed though the finger, toe or ear lobe (one releases
light waves, the other reads them). With an increase in oxygen circulating in the
blood, the colour of the blood changes. The oximeter measures amount of light
absorbed by blood in the tissue. Normal oxygen saturation (SpO,) readings are in
the region of 95% to 100%. Readings of less than 90% are suggestive of signifi-
cant problems. In using pulse oximetry during swallowing trials, it is important
to take a baseline before assessment commences so that there is a platform for
comparison. Zaidi et al. (1995) suggest that measurement should occur over a
2 minute interval. A fall from a baseline of greater than 2% is generally agreed
upon for the SpO,, the results to be indicative of aspiration (Collins and Bakheit,
1997; Smith et al., 2000). A more conservative figure of a fall of 4% or more could
be advocated to take into consideration calibration idiosyncrasies (Sellars et al.,
1999). Zaidi et al. (1995) investigated oxygen saturation levels after swallowing
10 ml of water in two control groups (one group of young and fit individuals, the
other a group of inpatients matched for age and sex) and a group of acute stroke
patients. The investigators found that normal variability in the control groups was
3.02% (this being the mean from the young fit group of 2.7% and the inpatient
matched group of 3.28%). Zaidi et al. (1995) therefore determined that aspiration
was likely to have occurred only if SpO, saturation levels had dropped by more
than 3.28%, which equated with the inpatient matched group. They found that the
time taken for the stroke patients to achieve maximum fall in saturation was on
average 5.31 s, but ranged from 5 to 120s (i.e. up to 2 minutes). They also found
that recovery of saturation had occurred within one minute. The fall in oxygen
saturation was statistically related to an independent assessment of aspiration by
a speech pathologist although the assessment by the speech pathologist was de-
layed by 24 hours from the pulse oximetry trial. Physiotherapy colleagues have
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suggested monitoring oxygen saturation changes for up to 20 minutes after oral
trials.

PULSE OXIMETRY AND THE DYSPHAGIC POPULATION — THE
EVIDENCE

Pulse oximetry is based on the hypothesis that when aspiration occurs individuals
will, for a short time, have a reduction in oxygenated blood flow. Pulse oximetry
can measure the oxygenation levels in the blood. There are a number of research-
ers who have investigated this hypothesis in the dysphagic population to determine
whether there is any evidence for using pulse oximetry as a screening tool for aspi-
ration. Sherman et al. (1999) investigated pulse oximetry in 46 dysphagic individu-
als who underwent simultaneous modified barium swallow (MBS). Firstly, the data
confirmed a statistically significant association between oxygen desaturation and
swallowing abnormalities. Their findings can be summarized as follows: as concur-
rently assessed using videofluoroscopy, individuals who did not penetrate or who did
penetrate but immediately cleared the bolus did not demonstrate significant oxygen
desaturation. However, oxygen saturation declined significantly following aspiration
or uncleared penetration. The researchers monitored O, saturation for 3 minutes
after the videofluoroscopy to see if there was any evidence of delayed aspiration (i.e.
from pooled material in the pharynx). They did not, however, measure the duration
of desaturation that was associated with aspiration or uncleared penetrated material.
Smith et al. (2000) concur that pulse oximetry can be reliably used to identify aspi-
ration. Smith et al. (2000) also used videofluoroscopy as the concurrent comparison
assessment tool. The authors found that the technique was not sensitive enough to
determine aspiration from penetration, with a drop in oxygen saturation occurring
whether aspiration or penetration had occurred. They found that a combination of
the bedside swallowing assessment plus pulse oximetry for the prediction of aspira-
tion tpenetration gave a sensitivity of 86%, but a positive predictive value of 95%.
Thus the combined assessment method was very likely to detect individuals who
were either aspirating or penetrating the bolus.

There have been some interesting differences in the cases for and against pulse
oximetry, which appear to be associated with the comparison tool. Some researchers
have used concurrent videofluoroscopy with pulse oximetry; others have opted to use
fibreoptic endoscopic evaluation of swallowing (FEES) (see Chapter 8). Both tech-
niques are valid forms of identifying physiological deficits in the pharyngeal phase
of swallowing. In a study by Leder (2000), the presence of aspiration did not signifi-
cantly affect SpO, values. This was regardless of whether supplemental oxygen was
supplied. Leder (2000) also recorded changes in heart rate and blood pressure dur-
ing the FEES assessment. Interestingly he found that there was a consistent pattern
of both higher heart rate and higher blood pressure values that occurred during the
FEES assessment and for a 5-minute period post FEES. What is questionable here
is whether the FEES procedure itself causes these physiological changes that could
in fact mask the effect of what would otherwise happen, namely oxygen desaturation
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when aspiration occurs. A study that directly compares FEES plus pulse oximetry
with videofluoroscopy plus pulse oximetry is important in eludicating whether there
is a real effect based on assessment procedure.

Colodny (2001) in some respects concurs with Leder’s (2000) findings that in-
dividuals with dysphagia do not necessarily desaturate while aspirating. Following
normal physiology, one wouldn’t expect them to. When healthy people swallow, there
is a small period of apnoea while the swallow occurs. Colodny (2001) reported that
SpO, levels are stable when healthy, non-dysphagic individuals eat or drink. Thus,
the small apnoeic period during swallowing is short enough that gas exchange is not
significantly interrupted. On the other hand, when a person aspirates, the person can’t
breathe for a period of time. Carbon dioxide levels and hydrogen ions continue to
increase until the person can ‘catch their breath’. It takes time (some milliseconds to
seconds) for carbon dioxide levels to increase and for the ‘less oxygenated blood’ to
reach the peripheral arteries in the fingers, toes or ear lobes where it can be recorded
by the pulse oximeter. Thus pulse oximetry will not show a drop at the exact mo-
ment that aspiration occurs, but after a small delay. It provides evidence, after the
fact that the respiratory system for some reason ceased to function effectively.

Again using FEES as the comparison tool, Colodny (2001) found that pulse oxi-
metry is better used to record respiratory system status. Her data show that indi-
viduals with normal swallowing have the least compromised respiratory system,
followed in order by penetrators, liquid aspirators and solid aspirators. She suggests
that individuals with dysphagia have difficulty coordinating swallowing and res-
piration and this is made apparent during a pulse oximetry screen. There are, for
example, individuals who may have quite a long apnoeic period in order to protect
their airway. This period, however, will interfere with gas exchange and could con-
ceivably cause a drop in SpO,. Colodny (2001) reported that normal individuals had
stable SpO, levels before, during and after feeding, whereas stroke and dementia
patients showed a drop in SpO, levels during the feeding phase. Note that this is
just a record of SpO, during feeding and does not take into account whether these
people aspirated while they were feeding. Colodny’s data showed that all aspiration
groups (solids and liquids) had higher SpO, levels after feeding. Unfortunately no
sensitivity, specificity, positive or negative predictive values are reported, however.
Colodny’s (2000) earlier study is reinforced by the 2001 study.

A small study by Tamura et al. (1999) provides support for the concept that pulse
oximetry is more of a vehicle to measure swallow-respiratory abilities than episodes
of aspiration. This group of researchers investigated the effect of oral feeding in the
sitting position on a small group of severely disabled persons, measured using pulse
oximetry, pulse rate and respiratory rate. Their hypothesis was that the sitting pos-
ture recommended during feeding could produce a great strain on severely disabled
people. This strain may be evident in physiological measures such as arterial oxygen
saturation, pulse rate and respiratory rate. Sitting is a posture in which the body must
support and maintain a substantial portion of its own weight. Together with stand-
ing, sitting is an antigravitational posture. Tamura et al. (1999) found that feeding in
an upright position was associated with a reduction in SpO, and an increase in pulse
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rate. These changes sometimes continued after feeding but were not evident when
subjects were seated in the upright position without feeding. In some of the case
studies, episodes of reduced SpO, were associated with rapid and laboured breathing
and increased pulse rate. These can be seen as compensatory attempts by the body
to improve oxygen saturation levels and thus gas exchange levels. The authors made
two significant points.

First, they found that oral feeding in the upright position (an antigravitational
posture) places a significant burden on the cardiopulmonary system of some se-
verely disabled people. This is an important finding. Further research needs to be
carried out to determine the best posture for individuals who have difficulty sup-
porting themselves to eat. Difficulty holding trunk support inevitably affects the
shoulder girdle and continues upwards through the neck to the jaw. The effort the
individual needs to maintain stability may be at the expense of a stability of the oral
and pharyngeal structures so necessary for the coordination of safe swallowing. The
assumption that an upright position is best may not necessarily be true for all indi-
viduals. The angle of the body that provides best trunk support may also be the best
angle for safe swallowing.

Secondly, Tamura et al. (1999) note that severely disabled individuals have
a greater metabolic demand, but a lower physiologic reserve. Thus while they
desperately need the calories that food and liquids provide to meet their metabolic
demands, the physical demands of taking food occur at the expense of their cardi-
opulmonary system. Tamura et al. (1999) reported frequent episodes of apnoea in
the group of severely disabled people studied even when feeding was not occurring.
The pulse oximetry data documented in this study were coupled with changes in
respiratory and pulse rates, which compensated for changes in blood oxygenation.
This physiological correction mechanism lends support to Colodny’s (2001) claim
that pulse oximetry provides a marker of respiratory status rather than a tool for
recording episodes of aspiration.

CONSIDERATIONS FOR USING THE TECHNIQUE

The pulse oximetry technique has a number of factors that will affect accurate read-
ings of arterial oxygenation. These include: circulation status, temperature, evidence
of peripheral vascular disease (e.g. diabetes or Raynaud’s disease), movement arte-
fact, extraneous environmental light, and skin pigmentation — including nail varnish
(Collins and Bakheit, 1997; Colodny, 2001). There is also the suggestion that if
the person is hemiplegic, the non-paretic hand be used for placement of the probe
(Collins and Bakheit, 1997).

Note also that there are some peculiarities in interpreting drops in oxygen satu-
ration levels (Sherman et al., 1999). The oxygen dissociation curve has a sigmoid
profile. For example, a patient with a baseline SpO, of 92% will desaturate with a
greater measurable decline than a person with a baseline measure of 99%. These
differences are related to oxygen partial pressures. Pulse oximetry is not the tool of
choice for measuring oxygen partial pressures. Due to this limitation, individuals with
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high baselines (95% to 100%) may not demonstrate a significant desaturation during
aspiration, although their partial pressures may decline. Partial pressures are best as-
sessed using arterial sampling (blood tests taken over time). Continuous blood sam-
pling in the dysphagic population, however, is not feasible (Sherman et al., 1999).

CLINICAL APPLICATION IN PRACTICE

The literature supports use of pulse oximetry to document respiratory function dur-
ing swallowing. It will not, however, necessarily respond purely to an aspiration epi-
sode. This is why the evidence is somewhat confusing. Individuals who penetrate but
do not aspirate may also show declines in SpO,. It doesn’t matter so much whether
material is aspirated or penetrated, the key is whether the gas exchange has been
interrupted. It is a change in oxygen saturation levels, which is mediated by gas ex-
change in the lungs that is recorded by pulse oximetry. Note that aspiration is not the
‘be-all and end-all’ of diagnosis. It is important to identify what has caused aspira-
tion, how often it occurs, and what, if anything, can be done by either compensation
or rehabilitation to alleviate the cause. It is equally important to determine whether
the respiratory system can cope with impaired swallowing. With this in mind, pulse
oximetry may be well placed to be used in conjunction with bedside evaluation to
identify individuals who require further instrumental assessments. For example,
individuals who do not show any clinical indicators of aspiration but demonstrate
desaturation could be referred for further radiological investigations (Sherman et al.,
1999). Those who do not show clinical signs of aspiration and also have a normal
pulse oximetry reading during oral trials are potentially at a lower risk than indi-
viduals with abnormal pulse oximetry recordings on a background of an uneventful
clinical examination (Sherman et al., 1999).

PHARYNGEAL MANOMETRY AND ELECTROMYOGRAPHY

Other non-imaging assessments that may add information about swallowing func-
tion include pharyngeal manometry and electromyography. These techniques are
not commonly used in clinical practice, however. Pharyngeal manometry is an inva-
sive assessment using solid-state transducers at strategic places within the pharynx
to assess the pressure dynamics of the pharynx and upper oesophageal sphincter
during swallowing. Sensors are usually placed at:

« the base of the tongue;
« level of the upper oesophageal sphincter; and
e cervical oesophagus (Logemann, 1994).

Pharyngeal manometry is usually performed by a gastroenterologist. Manofluor-
ography (i.e. simultaneous manometry and fluoroscopy) is used predominantly for
research purposes. Manometric measures may include: pharyngeal contraction pres-
sure, pharyngeal contraction duration, upper oesophageal sphincter relaxation and
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the duration of its relaxation, and UES coordination (Bulow et al., 1999). Pharyngeal
manometry is frequently used where gastroesophageal reflux is anticipated.

Electromyography (EMG) measures functioning at the level of skeletal muscle. It
can be used in either an invasive or non-invasive regime. The non-invasive technique
uses electrodes attached to the skin surface over the muscle/s of interest (SEMG).
The floor-of-mouth muscles are often evaluated in this manner. The disadvantage
of this technique is that placement must be accurate to provide reliable information
about the muscles of interest. There are numerous overlapping muscles at the floor
of the mouth, making it difficult to judge which particular muscle is generating the
response. The invasive method uses hooked wire electrodes placed directly into the
muscle of interest. While more accurate, this technique is obviously more invasive
and consequently not often used clinically. Therapeutic uses of SEMG are detailed
in Chapter 12.

SUMMARY

The clinical assessment of swallowing disorders is a thorough and involved assess-
ment of function. It takes swallowing ability in context, using real foods and fluids.
Clinicians must integrate their knowledge of anatomy, neuroanatomy, physiology,
medicine, communication, and idiosyncratic variables such as the individual’s edu-
cational, vocational and cultural background to arrive at a diagnosis and treatment
plan specific to each individual. It is possible to start with a basic framework, which
is what the section above is seen to offer. The direction of each assessment, how-
ever, is dictated by each client and that client’s unique set of circumstances. The
information provided above explains why the various facets of the assessment are
important.

The clinical assessment of dysphagia can be further enhanced by using other
techniques. As noted above, cervical auscultation uses assessment of swallowing
and swallow-respiratory sounds, whereas pulse oximetry uses information about
blood oxygenation to alert the clinician to respiratory side effects of swallowing.
Cervical auscultation and pulse oximetry should be used in conjunction with the
clinical assessment to provide the clinician with further information that will assist
in decision-making for suitability for oral intake, treatment options and overall man-
agement. At the completion of all clinical assessments, the clinician should decide
whether further diagnostic assessments are required. These are discussed in detail
in Chapter 8.
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8 Imaging Assessments

JULIE CICHERO and SUSAN LANGMORE

INTRODUCTION

The previous chapter discussed the most common non-imaging assessments of dys-
phagia. This chapter focuses on imaging assessments of dysphagia, i.e. those as-
sessments where a visual image is generated. The best known and most widely used
imaging assessments used by speech pathologists are videofluoroscopy, otherwise
known as the modified barium swallow (MBS), and fibreoptic endoscopic evaluation
of swallowing (FEES). Both techniques aim to provide the clinician with detailed
information about the anatomical structures involved in swallowing (‘the what’) and
the physiology of the oropharyngeal swallow (‘the why”).

‘Most of our impressions about the world and our memories of it are based on
sight’ (Kandel and Wurtz, 2000: 492). Our reliance on imaging techniques for eluci-
dating swallowing pathophysiology should, therefore, come as no surprise. There are
multiple visual areas in the brain and at least two major interacting neural pathways.
These pathways are responsible for our perception of depth, form, motion and col-
our, which are all required for accurate interpretation of both x-ray and endoscopic
images (Kandel and Wurtz, 2000). Both MBS and FEES purport to be ‘objective
measures’ but this is only true of the image itself. The interpretation of the data,
whether it is video x-ray or video endoscopy, comes back to the fallible human. This
is perhaps one of the reasons why reasonably poor interrater and intrarater reliabil-
ity is reported for fluoroscopy studies (Scott et al., 1998; Stoeckli et al., 2003). The
assessments detailed in this chapter also fall under the banner of ‘diagnostic assess-
ments’ rather than ‘screening assessments’. Screening tools identify the presence or
absence of a problem. They may be able to identify that an individual is aspirating
but will not be able to say ‘why’ the aspiration is occurring. A diagnostic tool on the
other hand details the ‘why’. This chapter will detail the theory and application of
the MBS with an emphasis on clinically relevant assessment regimes. A discussion
of radiation safety is also included. The theory and practical application of FEES is
also discussed, in addition to its relative advantages and limitations. To this point,
the MBS and FEES have been viewed as ‘either/or’ assessments. What is becoming
increasingly relevant is that both assessments provide unique information about the
pharyngeal stage of the swallow in particular. The information they provide is com-
plementary rather than exclusionary. There may indeed be some patients where one
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technique would be preferable to the other due to the presenting signs and symptom:s,
and vice versa. A brief review of ultrasound and nuclear scintigraphy, also imaging
techniques, is included at the end of the chapter for the sake of completeness.

THE MODIFIED BARIUM SWALLOW OR
VIDEOFLUOROSCOPY

The modified barium swallow (MBS) or videofluoscopy is arguably the best known
and most widely used imaging assessment for dysphagia. It was pioneered by Professor
Jeri Logemann and she has done much to introduce and refine the technique. Aside
from information about the anatomy and physiology of the oropharyngeal swallow,
the MBS offers information about the effectiveness of therapeutic techniques (see
Chapter 12) and also compensatory strategies and approaches (see Chapter 11). It
allows us to determine oral and pharyngeal transit times with good accuracy. In addi-
tion, it allows the clinician to ascertain the relative functioning of the various ‘valves’
within the oropharyngeal system. The MBS affords the astute clinician the ability to
detect aspiration when it occurs and the evidence needed to postulate why it might
have occurred. The amount aspirated may also be guessed. For example, the amount
aspirated may be noted as minimal, moderate or severe (Palmer et al., 1993).

WHEN TO REFER

An MBS procedure should be considered when orophayngeal dysphagia is suspected as
part of the clinical examination but the nature of the problem has not been accurately
identified, or when the problem is amenable to therapeutic intervention. For example, the
clinician may be aware that laryngeal excursion is suboptimal and that the patient has a
delayed weak cough after swallowing; however, the clinical examination cannot provide
evidence of the physiological cause of these events. In this example, a delayed cough
after swallowing may be due to post-swallow aspiration from material pooled in:

» the valleculae;
« the pyriform sinuses; or
* both.

Hence, the underlying problem is reduced bolus clearance. Modified barium swal-
low may also be useful to rule out aspiration associated with eating and/or drinking
as a cause of respiratory disease, chronic cough or hoarseness that cannot be oth-
erwise explained (Feinberg, 1993). Feinberg (1993) also advocates use of the MBS
to assist in the diagnosis of individuals with unexplained weight loss — particularly
the elderly or chronically ill patient. The MBS may also be useful in ascertaining
the severity of dysphagia or providing more information to patients, their families or
even their physicians. It provides objective information about the pharyngeal phase
of the swallow. Whenever aspiration is suspected from clinical observations (e.g.
temperature spikes coupled with deteriorating chest condition, with or without re-
duced consumption of food or fluids, and with or without wet, gurgly vocal quality)
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an MBS is most likely to elucidate the reason why aspiration, or suspected aspira-
tion is occurring. This information then allows the clinician to try compensatory
manoeuvres or different dietary textures or fluids. Note, however, that an MBS pro-
cedure should only be considered if the results of the assessment are likely to change
the way the clinician manages the case. There is little reason to expose a patient
to ionizing radiation if the management of the patient is not going to change. Indi-
viduals undergoing palliative care may fall into this category. The MBS procedure
is suitable for both adults and children. With appropriate seating equipment, most
individuals could undergo an MBS procedure should the need arise.

Paediatric considerations

In addition to the signs and symptoms listed above indicating that an MBS is nec-
essary, the following specific information should also be considered for paediatric
clients:

* an increase in congestion during and after feeds;
 poor weight gain or weight loss;

* primitive oral reflexes; and

 oxygen desaturation during meals.

THE MBS TEAM

The MBS team is relatively large. The patient should be the centre of the team. All patients
recommended for an MBS require a written referral by a medical officer. The patient is
supported by the speech pathologist(s), radiographer, radiologist, nurse, parent or carer,
or other professionals (e.g. gastroenterologist, or ear, nose and throat specialist).

The speech pathologist has a number of tasks or roles to undertake during the
MBS. He or she is responsible for:

« explaining the procedure to the client;

« testing food and fluid consistencies; and

« applying different therapeutic techniques or compensatory strategies, as appropri-
ate for the individual.

In conjunction with other members of the team, the speech pathologist will identify
the symptoms (for example, wet vocal quality post swallow, perceptions of delayed
swallow reflex or reduced hyolaryngeal excursion) and anatomical or physiological
causes of dysphagia. Symptoms are gathered from the clinical examination and pa-
tient interview. It is for this reason that the clinical assessment of dysphagia should
always precede the radiological assessment. Using the information gathered from
the MBS procedure, the speech pathologist will decide upon the safety of oral feed-
ing and will plan appropriate dysphagia management. The speech pathologist should
be involved in recording the procedure and reporting the results and recommenda-
tions to all team members.
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The radiologist is a medical practitioner specializing in radiation medicine. The
radiologist has expertise in making a medical diagnosis and in the identification of
anatomical abnormalities, masses and structural deviations. A radiographer pro-
duces high quality images of organs, limbs and other parts of the body, which
allow the radiologist to diagnose disorders and assess injuries. In the case of the
MBS, the images are of the oral cavity and pharynx and often the oesophagus. The
radiographer may be instrumental in positioning the patient, moving the imag-
ing equipment and adjusting the equipment to ensure that high quality images are
produced with the minimum amount of radiation exposure required. Nursing staff
provide care to the patient such as suctioning, assistance with correct positioning
of the patient and connection or disconnection of oxygen or feeds (e.g. nasogastric
feeds). Other individuals may also assist with moving and positioning the patient
for the procedure.

Modified barium swallow procedural practices vary from institution to institu-
tion. In many institutions it is common for the radiologist and speech pathologist
to be present for the duration of the MBS procedure — from administration through
to interpretation. At some facilities, the procedures may vary such that the speech
pathologist and the radiographer conduct the actual MBS procedure, with the cap-
tured images then interpreted by the speech pathologist and the radiologist after the
procedure. In most cases the speech pathologist generates a written report, as does
the radiologist. The radiologist’s report will detail all phases of swallowing (oral,
pharyngeal and oesophageal), whereas the speech pathologist will comment on the
oral and pharyngeal phases of swallowing.

THE PROCEDURE
Equipment

Investigation of oropharyngeal function is best achieved using ‘moving x-rays’ or
rapid filming to capture the dynamics of the swallow. Examples of these include
videofluoroscopy and cineradiography. Although cineradiography produces bet-
ter quality images, it requires more processing units (x-ray generator, cine camera,
cine film processing units, etc.) and radiation exposure rates are 5—10 times higher
than fluoroscopic exposure rates (Mahesh et al., 2003). Consequently videofluor-
oscopy units are more commonly used. Most recently digital video formats have
allowed even higher resolution than standard videotape procedures. In addition dig-
ital formats offer reduced radiation doses with pulsed fluoroscopy (Mahesh et al.,
2003). Unfortunately, the digital imaging equipment sometimes captures fewer than
30 frames per second, which is unacceptable for a swallow study (see below). Often
swallowing studies are conducted with a tilt-table fluoroscope tilted into an upright
position. The x-ray tube is located under the table top. The patient stands or sits be-
tween the upright table and the fluoroscope. The fluoroscope can be moved up and
down, and to an extent laterally, to focus on different portions of the individual’s
anatomy (e.g. oral cavity or oesophagus). The x-rays are projected from the x-ray
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tube and pass through the patient to the fluoroscope. Passing through the person, the
intensity of the x-rays reduces. For example, thin or low-density areas of the body
allow a high degree of x-ray penetration and cause a bright video image. Thicker,
denser areas tend to absorb x-rays and produce an image that is not as bright. The
change in the intensity of the x-rays exiting the patient is projected into the image
intensifier, which is housed behind the fluoroscope. The intensifier converts the im-
age into a visual form and this image is then fed to a video camera, where the image
can be viewed via a monitor and/or recorded (Beck and Gayler, 1990). ‘The oropha-
ryngeal swallow is quicker than the eye’ (Dodds et al., 1990: 956). Consequently a
frame rate of 30/s is required for adequate dynamic images, with the eye blurring
sequential images together to give the impression of a continuous image (Beck and
Gayler, 1990). Capturing images at this rate also allows for frame-by-frame analysis
and slow-motion playback. The ability to play images back is important. Only part of
the image can be selected as the focus of attention; the remainder, even transiently, is
relegated to the background. In reviewing images, different portions of the swallow
can be viewed as a focus, allowing the clinician to detail all phases of swallowing
with some accuracy.

Preparation for the procedure

The client should be well informed about the procedure. The client should know
what the clinician is hoping to achieve from the procedure and also that the proce-
dure involves ionizing radiation. Patients do not usually have to fast before an MBS
procedure. They should understand that they will be asked to consume barium im-
pregnated foods or fluids, which may make the foods and fluids taste chalky. Please
note that the patient should also be informed that barium is not absorbed and as
such is passed through the system. As a result, patients may notice that their stools
are white in colour after the procedure, and this is simply the barium being passed
out of the system. If the person is able to tolerate thin fluids safely, they should be
encouraged to drink water to help move the barium through the gastrointestinal
system and prevent constipation. Note also that the radiologist should decide on the
type of contrast agent to be used (i.e. the agent added to the foods or fluids to make
them radioopaque). For example, for individuals with suspected tissue perforation,
certain types of contrast agent are contraindicated (e.g. barium sulfate suspension).
Another type of contrast agent, gastrograffin, may be used where tissue perforation
is suspected. However, this is contraindicated for individuals at risk of aspiration as
it can cause pulmonary oedema (Speech Pathology Australia, 2004). There are a
number of different contrast agents available, and the clinician should be guided by
the radiologist for the best contrast agent to be used for individuals undergoing an
MBS procedure. The patient should be aware of the likely amount of foods/fluids
they will try and the procedures that are in place in case of emergency. Emergency
suctioning may be required if large amounts of barium are aspirated, or if a piece
of solid food becomes lodged in the larynx or trachea. Fortunately, emergencies are
relatively rare.
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Paediatric considerations

In addition to the information outlined above, parents/carers of children undergoing
an MBS should, whenever possible, be given an opportunity to familiarize them-
selves and their children with the radiology suite. It may assist the procedure for
the parents/carers to bring in the child’s own spoon/cup/plate, and for the feeding
technique to be practised prior to the procedure. The procedure should be scheduled
for a time when the child is usually awake (i.e. not a morning or afternoon sleep
time). It may also be of benefit for children to be fasted prior to the procedure to
ensure that they are hungry and thus more likely to take the foods/fluids offered.
Ideally children should be able to manage their own secretions and also be at a stage
where they can tolerate fingers or toys in their mouth. In addition they should also
be able to tolerate 3—4 consecutive small spoonfuls of fluids or puree. These skills
should assist in providing the best possible set of circumstances for a successful
MBS. Children’s attention spans and cooperation are typically short and the clini-
cian, radiographer and radiologist must bear this in mind with a paediatric swallow-
ing study (Kramer, 1989).

Anatomical structures

The image should focus on the lips anteriorly, the hard palate superiorly, the pharyn-
geal wall posteriorly, the trachea (to the level of the bifurcation of the airway) and
the oesophagus inferiorly. The mandible can be clearly visualized as can the soft
palate. The base of the skull and cervical spine can also be viewed. The hyoid bone,
epiglottis and vocal folds can be visualized. The nasopharynx extends from the base
of the skull to the superior surface of the soft palate. The oropharynx extends from
the pharyngeal aspect of the palate superiorly to the base of tongue or pit of vallecu-
lae and the hyoid bone inferiorly. The hypopharynx extends from the valleculae to
the level of cricopharyngeus.

Other structures that may be viewed include cervical osteophytes and pharyngeal
pouch or Zenker’s diverticulum. An osteophyte is a bony outgrowth. In the case of a
cervical osteophyte, it is a bony outgrowth of one or more of the cervical vertebrae.
Cervical osteophytes are common in elderly patients and are often associated with
dysphagia as they cause the cervical spine to bulge into the pharyngeal space. This
causes a structural narrowing of the pharynx and/or compression of the oesophagus
and larynx. This compression contributes to dysphagia, mainly for solids. Pharyn-
geal or oesophageal obstruction is the most frequent complaint of individuals with
cervical osteophytes (Maiuri et al., 2002). If the osteophytes are particularly large,
they may also cause dyspnea (shortness of breath). In extreme cases the respiratory
distress caused by the osteophytes may be relieved via tracheostomy (Maiuri et al.,
2002; Aronowitz and Cobarrubias, 2003). Maiuri et al. (2002) reported that CT or
MRI are the best techniques for determining the size and status of the osteophytes.
Osteophytes can be managed by altering the patient’s diet or alternatively, by sur-
gical removal of the osteophytes. The removal of the bony growth alleviates the
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dysphagia and the dyspnea, however, it can also result in long-term spinal instability
(Maiuri et al., 2002).

A pharyngeal pouch (also known as a Zenker’s diverticula) is an outpouching of
pharyngeal mucosa through Killian’s triangle. Killian’s triangle is the anatomical
region found posteriorly between the oblique and horizontal fibres of the cricopha-
ryngeal muscle (Jones, 2003b). The diverticulum or pouch is thought to be formed
by a combination of muscular incoordination while swallowing and higher than
normal cricopharyngeal tone (Van Eeden et al., 1999). The walls of the pharynx
are progressively weakened by this combination until the walls ‘give’ and a pouch
forms. The pouch is capable of holding food, which the patient may then regurgi-
tate at a later stage. If the pouch becomes too full it may spill over into the larynx
and result in recurrent aspiration pneumonia. Pouches may be attended to medically
using a surgical approach (e.g. suspension, inversion or excision of the pouch, often
coupled with cricophayngeal myotomy) or surgical stapling of the pouch (Ong et al.,
1999; Van Eeden et al., 1999).

Dodds et al. (1990) noted that mucosal webs may be seen on the anterior wall of
the cervical oesophagus — these are apparently a normal variation. It is likewise nor-
mal to find small amounts of residual barium coating the valleculae after swallowing
(Dodds et al., 1990). In some institutions, the radiologist will also complete an ex-
amination of the oesophagus during an MBS procedure. Screening for oesophageal
disorders such as:

* strictures or obstructive rings;

» abnormal motor function;

 oesophageal reflux; or

» oesophageal neoplasm may occur (Dodds et al., 1990).

Views used

The view that the radiologist or radiographer uses will determine the detail of the vari-
ous structures seen during the procedure. Typically the views used during an MBS
procedure are the lateral view (see Figures 8.1 and 8.2) and the antero-posterior (AP)
view. Both views aim to show the oral cavity and the pharynx to the level of cervical
oesophagus. The image should be held steady such that the oral cavity and pharynx are
fully in view during the procedure. The radiographer or radiologist may choose to fol-
low the bolus down into the oesophagus after the oral and pharyngeal phases have been
thoroughly examined. The lateral view shows the individual in profile. It is possible to
see the person accept the bolus into the oral cavity and process the bolus using the teeth
and tongue. It is also possible to see movement of the soft plate in the lateral view. The
movements of hyolaryngeal excursion and epiglottic inversion are well distinguished.
Opening of the upper oesphageal sphincter (UES) is also able to be visualized. When
the tongue propels the bolus into the pharynx it is tempting to suggest that the image
portrays the posterior pharyngeal wall moving in to meet the base of tongue. However,
one must recall that the x-ray is a two-dimensional medium. As noted in Chapter 4, the
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Figure 8.1 Lateral view of the posterior portion of the oral cavity and pharynx. There is
barium coating of the oral and pharyngeal structures. The cervical spine can be viewed at the
right of the radiograph. Reproduced by permission of Kay PENTAX

Figure 8.2 Lateral radiograph. The bolus has traversed the angle of the mandible and
progressed into the pharynx to the level of valleculae. Reproduced by permission of Kay
PENTAX
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left and right pharyngeal walls medialize and meet the posterior moving base of tongue.
The x-ray gives the illusion that it is the posterior pharyngeal wall moving, when in fact
it is a medialization of the left and right pharyngeal walls. Also in the lateral view, it is
possible to delineate the larynx and to identify the vocal folds and the trachea. Some
radiologists use a ‘lateral oblique view’ (15° to 20°), which allows a better view of
the individual left and right valleculae and pyrifom sinuses than the traditional lateral
view (Dodds et al., 1990). In this position the individual retains their head in a lateral
plane and shifts their shoulders such that the shoulder closest to the image intensifier is
positioned further back, giving the shoulders the ‘oblique arrangement’. This posture
ensures that the shoulders do not block the x-ray view of the pharyngeal region.

The AP view shows individuals as though they are looking directly into the cam-
era. This view is particularly good for identifying chewing, symmetry of movement
and pooling. For example, it is possible to see whether the individual has residue
that remains in one or both valleculae or pyriform sinuses. This information is not
afforded in the lateral view, as the paired valleculae or pyriform sinuses are trans-
posed one over the top of the other in the lateral view. The AP view is also useful
for evaluating vocal fold approximation during phonation. A typical MBS procedure
would start with the client in a lateral or lateral oblique position, with progression to
the AP view as required.

Commencing the examination

Wherever possible, the patient should be seated in their usual position for eating/
drinking. This may not always be possible and depends upon, the patient’s posture
and also the equipment available in the radiology suite. The fluoroscopy table, which
is normally horizontal, is rotated so that it assumes a vertical orientation. Many radi-
ology suites use the footplate of the table as a platform for the patient to stand/sit on
for the MBS procedure. The footplate is moveable and if the patient is unable to stand,
but has adequate balance and stability, the footplate can be moved along the table
such that the patient can sit on the ledge-like footplate. This system is not optimal
for individuals without adequate balance or stability (e.g. stroke, head injury, condi-
tions with an associated hemiparesis). Given that the distance between the X-ray tube
(under the table) and the fluoroscope is quite narrow, a narrow plastic chair may be
used for the patient to sit, or even a narrow-width wheelchair (such as those found on
airplanes). There are specialty x-ray chairs that have been developed also. These have
been specially designed to meet the narrow space requirements of the x-ray equip-
ment configuration and are adjustable to meet the posturing needs of the individual
patient. For paediatric patients, chairs such as the MAMA chair or radiolucent tum-
bleform seats may be used (Kramer, 1989; Arvedson and Brodsky, 2002).

Foods and fluids tested

The foods and fluids tested during the MBS procedure will vary from workplace to
workplace. They will also vary depending upon the reason for requesting the MBS,
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the clinical hypothesis and the patient’s performance during the procedure (e.g. fa-
tigue, aspiration, uncooperative behaviour). Each MBS examination should be tai-
lored to the individual. An MBS procedure may include trials of different levels of
thickness of fluids (thin, nectar thick, half or honey thick and pudding thick) and
may also include trials of food textures (biscuit, bread, jelly and marshmallow). In
order for foods and fluids to be ‘seen’ during the x-ray, a radiopaque substance called
barium is added to the foods and fluids.

Foods and fluids should mirror normal day-to-day eating wherever possible. The
addition of barium to foods and liquids changes the internal make up of the foods
and fluids. For example, barium is a solid and increases the weight to substances to
which it is added. Chapter 3 provides a detailed discussion about changes that occur
to fluids when barium is added to them. Ideally only sufficient barium should be
added to the fluids to ensure that they are radiopaque. Barium has been used in the
cooking of biscuits, bread and marshmallows so that taste is minimally affected and
normal food texture is retained. It is not ideal to coat biscuits and bread in a barium
liquid as it presents a mixed consistency (liquid and solid). Foods with mixed con-
sistency are often harder for dysphagic individuals to control, and may predispose
them to further difficulties that may not be present if only a solid texture was used.
Many fluoroscopy suites keep barium pills; if not, it is possible to obtain empty
capsules from pharmacy departments and place barium powder inside the capsules
to observe how the individual manages in swallowing medications. Some elderly
individuals have great difficulty swallowing tablets and this method may enable the
clinician to observe their attempts and work on strategies to help make the process
easier for them.

Ideally the patient should test two to three swallows of each type of food or fluid
consistency of interest. A single swallow of a given consistency may not give a rep-
resentative view of how the individual copes with that consistency. There is a ten-
dency to provide small amounts of fluids under the assumption that, if the fluid is
in fact aspirated, only a small amount will be aspirated. However, bearing in mind
anatomy and physiology, we know that the average mouthful an individual will swal-
low is approximately 20 ml. Thus a dessert spoon or tablespoon amount would better
assess this volume than a 1, 3 or S5ml bolus. Smaller bolus volumes may be useful
for determining how the individual manages saliva swallows; however, these small
amounts should not be used as indicators for how the individual would swallow at
meal times. In the event that the individual has reduced sensory awareness, the small
volume may serve only to slip under the ‘sensory radar’ and actually set the patient
up to aspirate, the very thing we are trying to avoid. A more normal sized bolus may
provide sufficient sensory cues to allow the oral and pharyngeal mechanisms to
show a true indication of how they cope with a ‘normal bolus’. Palmer et al. (1993:
211) have produced a standard sequence for videofluoroscopy procedures:

« Lateral projection:

— swallow 5ml of thick liquid from a spoon;
— drink thick liquid from a cup (1 swallow);
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— swallow 5ml thin fluid from a spoon;

— drink thin liquid from a cup (1 swallow);

— modifications and other liquids as appropriate;

— chew and swallow approximately 1 teaspoon of puree, or marshmallow;

— chew and swallow approximately 1 teaspoon of solids (e.g. biscuit or bread);
— modifications and other foods as appropriate.

» Antero-posterior position:

observe patient vocal fold movement as they phonate (e.g. /ahh/);

— take thin liquid from a cup, hold and then swallow;

modifications or other foods as appropriate;

additional swallows of thin liquid as needed for imaging the oesophagus.

Note, that the 1 ml, 3ml and 5ml boluses are most likely to be suitable for paediatric
clients given their smaller oral cavity for containment of the bolus.

It is best to start the x-ray ‘on time’ when the patient is ready to commence swal-
lowing. It is not ideal to provide patients with a bolus and ask them to hold it in the oral
cavity until told to swallow. This kind of scenario will predispose the patient with a
poor ability to hold the bolus in the oral cavity to aspirate before the swallow. In addi-
tion, as noted in Chapter 4, there is a specific sequence of events that is initiated when
a bolus approaches and enters the oral cavity and this governs the inter-relationship
between swallowing and respiration. By asking an individual to ‘hold the bolus till
I tell you to swallow’, we upset this natural sequence of events, again potentially
causing the already compromised individual to miss-time their swallow-respiratory
coordination. The clinician may choose to include one such request for the patient to
hold the bolus specifically to determine the patient’s degree of volitional control, as
this may be useful information when determining rehabilitation strategies. However,
it is advisable to commence the study with the patient’s more usual pattern.

Paediatric considerations

Paediatric clients are our least predictable clients. It may be possible to inject small
amounts of barium into the children’s mouth or buccal cavities if children are unwill-
ing or unable to take the barium for themselves. The clinician should be prepared to
forgo the procedure rather than pursue a procedure where the child is clearly upset.
In an agitated state the child is most unlikely to produce swallowing activities that
are indicative of everyday feeding. Consequently it may not be possible to perform
the ideal MBS with every child. It may be that the clinician must decide on the most
important questions to be answered for this particular child at this particular time.
When time is of the essence, the questions asked might include:

* Is swallowing influenced by the amount?

« Is swallowing influenced by the texture?

« Is there a delay in swallowing on any consistency?

« Is swallowing ability influenced by fatigue (e.g. at the end of the meal)?
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Contraindications

Modified barium swallow is contraindicated when the individual in question has a
depressed level of consciousness or even a fluctuating level of alertness. For safety
reasons, individuals with a depressed level of consciousness should not attempt
oral intake of any form. Similarly, a fluctuating level of alertness would limit the
generalizability of the results to the mealtime setting. Individuals who are unable
to be positioned for an MBS are unsuitable for the procedure, as are individuals
who are uncooperative. The space between the x-ray tube and fluoroscope is quite
narrow — often only the width that is able to accommodate an airline wheelchair.
Obese individuals may simply not fit in the prescribed space limitations. Without
the aid of specially designed MBS chairs, individuals with a severe hemiparesis and
poor sitting or standing balance may not be able to be positioned to safely undergo
the procedure. Individuals with movement disorders, or those with dementia or cog-
nitive impairment, may be difficult to assess and the findings of the examination
may be limited; hence these groups are only assessed where the need to determine
swallowing safety is very great. Individuals who are medically unstable are also
often unsuitable for MBS assessment. It is in the best interest of patients to wait until
their medical condition has stabilized before putting them through a radiological
investigation, particularly if the medical condition is an influencing factor in their
dysphagia. Individuals who have already undergone a number of diagnostic or thera-
peutic radiological procedures may need to have good reason to undergo further
radiation exposure. For this reason it is important that the speech pathologist use
good judgement in requesting repeat MBS procedures. In Australia, the Australian
Radiation Protection and Nuclear Safety Agency provides guidelines for dose limits
per year for:

* patients;
« individuals involved in biomedical research; and
« those who are occupationally exposed to radiation.

Assessment of the upper oesophageal sphincter (UES) and reflux

The MBS can be used by the speech pathologist to provide information about the
integrity of the upper oesophageal sphincter (UES). As noted in Chapter 4, poor
hyolaryngeal elevation contributes markedly to insufficient opening of the UES due
to the pulley-like system that operates between these areas. Evidence of poor UES
function can be seen by:

» small amounts of the bolus passing through the UES even when the bolus size
increases; and
» material pooled primarily in the pyriform sinuses post swallow.

Thickening of the UES may also be noticeable. The UES anatomically marks the
end of the speech pathologist’s assessment of dysphagia. The radiologist will prob-
ably assess the integrity of the oesophageal phase of swallowing to complete the
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clinical diagnosis. The motility of the oesophagus (i.e. peristalsis) is radiologically
assessed in the horizontal position (Jones, 2003a). In the vertical position, gravity
assists with emptying. Assessment of oesophageal dysphagia or dysfunction should
be interpreted by the radiologist. A gastroenterologist treats oesophageal dysphagia.
Note, however, that a poorly functioning oesophagus can have an impact on swal-
lowing safety. For example, an individual with poor oesophageal function may have
delayed oesophageal emptying into the stomach. The oesophagus is a tube of finite
length. Once the tube is full and with insufficient emptying from below, physics
deems the bolus will move back up, i.e. the material will be refluxed. Note this is
termed ‘oesophageal reflux’ and material can also be refluxed from the stomach back
up into the oesophagus (i.e. gastroesophageal reflux). When the bolus moves back
up it can go through the UES and into the pyriform sinuses. So imagine now that the
bolus has passed into the oesophagus, the oesophagus is too full to accommodate
any further material and is not emptying at a sufficient rate to receive any further
material. The bolus pushes back up through the UES into the pyriform sinuses. By
this stage the swallow has been completed and the person has recommenced tidal
breathing. Recall that the pyriform sinuses are the chutes on either sides of the lar-
ynx. They are the channels through which the bolus passes and they end at the UES.
This material that has pooled in the pyriform sinuses is now in a prime location to be
inhaled into the larynx with each respiration, leading to aspiration after the swallow.
The importance of this information is that the individual may present with an aspira-
tion pneumonia; however, it may well be from dysphagia of oesophageal origin that
is impacting on the pharynx and larynx after the swallow. The MBS will provide the
most information about both pharyngeal and oesophageal functioning in this type
of scenario. Reflux may be demonstrated most frequently when the patient is turned
from the prone to the supine position (Jones, 2003a).

Discontinuing the procedure

The MBS procedure may be discontinued at any time, however it is not necessar-
ily discontinued if an episode of aspiration occurs. An aspiration event affords the
clinician an opportunity to determine why aspiration is occurring and propose an
intervention. The intervention may be a modification in head or body positioning,
the introduction of a swallowing manoeuvre or a change in the texture of the food
or thickness of the fluids offered (further details of these compensatory mechanisms
are described in detail in Chapter 11). The clinician can review the physiology and
determine the most appropriate compensatory technique (position, manoeuvre,
change to diet texture or viscosity) and trial their hypothesis in the radiology suite to
see if the modification does indeed prevent or minimize the aspiration. The clinician
should be very much aware of this dual role of the MBS. It is intended to diagnose
and describe the anatomy and physiology of the oropharyngeal swallow. However, it
is also intended to be used for therapeutic purposes to provide an account of whether
compensatory strategies are, in fact, effective. Palmer et al. (1993) suggested that the
MBS should be discontinued under the following circumstances:
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¢ airway obstruction;

 laryngospasm;

e bronchospasm;

* ‘occlusion or impaction of the foodway’;

« aspiration of acidic material;

« total absence of laryngeal protection; or

« where there is evidence of a tracheoesophageal fistula with free flowing of fluid
into the trachea (Palmer et al., 1993).

REPORTING AND INTERPRETING THE MBS

The reporting and interpretation of MBS procedures is a multi-stage process. The
clinician needs to be able to make ‘online’ judgements during the procedure to
determine which fluid and food consistencies to test and which compensatory posi-
tions or manoeuvres to test (if any). Much of this information will be preempted
from the clinical assessment. Following the procedure, the clinician may also be
afforded the time to review the video recording or CD image of the MBS to look at
the events of the swallow in more detail. This gives the advantage of slow motion
replay. The clinician may find it beneficial to have a ‘worksheet’ and then use the
worksheet to write the MBS report.

In the initial phase of reviewing the tape it is useful to think of viewing the swallow
as one might a car crash or a scene of devastation. In viewing a car crash, for example,
the eye is drawn, darting, to various areas of the image — those with the most damage
for instance. In the case of the swallow, the eye is often drawn directly to the larynx
and the trachea — these being the most vulnerable areas. The clinician is mindful not
to miss an aspiration episode. At the initial stages of viewing the video this is a good
place to start. The worksheet concept would look to addressing questions such as:

e What was the damage?

e Where did it happen?

e When did it happen?

e How bad was the damage?
e What caused the damage?
e Was there a response?

Critical areas to look at when reviewing a videofluoroscopy are:

 Ability to protect airway (penetration/aspiration) (hyolaryngeal region).

e UES (does the bolus enter the oesophagus?).

* Where was the swallow triggered from? (Anatomical site.)

» Pharyngeal and oral residue.

e Pharyngeal region abnormalities (transport — shortening of the pharyngeal
musculature).

¢ Oral region abnormalities (transport — tongue function).

» Oesophageal region abnormalities (does it stay there and does it clear?)
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The clinician should then put the pieces together slowly. This does not necessar-
ily mean that a linear, anterior-to-posterior, superior-to-inferior system should be
used. The clinician might focus on the larynx during the first few runs, then focus
on hyolaryngeal excursion, then tongue function (oral stage and end oral stage),
then UES function, and finally soft palate function and lip movement. The order
of events (e.g. oral to pharyngeal to oesophageal) is not important while compiling
information on the worksheet. At this stage the clinician is gathering information.
It is suggested that in the initial phase of reviewing the tape, the clinician should
follow the movement of the bolus. In a normal swallow everything happens very
quickly. The bolus is processed in the oral cavity and the tongue deftly moves the
bolus from the oral cavity into the pharynx. Hyolaryngeal excursion occurs, and
also epiglottic deflection, with the bolus being progressed through the pharynx
aided by the constrictors. The UES opens and the bolus passes through the UES
into the oesophagus. The UES closes, and the bolus continues on its way inferiorly
to the stomach, and the hyolaryngeal region returns to rest. This all happens in
approximately 2 s in a normal swallow (detailed discussion in Chapter 1). Abnor-
mal events may include:

* pooling of material in the oral cavity, pharynx proper, valleculae, pyriform sinuses
or in structures such as a pharyngeal pouch;

« aspiration and/or penetration; and

 oesophageal transport abnormalities.

Once abnormal events have been noted, the clinician can turn their attention to the
biomechanics of swallowing. These are the moving structures at work within the
oral cavity and pharynx. Useful questions to ask when interpreting a videofluoro-
scopic assessment of swallowing function are:

» What is the hyolaryngeal excursion like?

» How efficient is the epiglottic inversion?

* How effective is UES opening?

« Is the pharyngeal shortening and constriction adequate?

» How efficient are the actions of the tongue in ejecting the bolus from the oral
cavity and propelling it into the pharynx?

 Are the lips closed and the soft palate raised during the swallow? (a closed system
will create a vacuum and draw the bolus down)

e Was there aspiration/penetration?

e Was there pooling post swallow?

 Did the UES open? (Did it open enough?)

» Was there adequate strength in the pharynx?

» What was the base of tongue to pharyngeal wall action like?

 Did the bolus enter the pharynx prematurely?

« What was the tongue function like orally?

» What was bolus control like orally?

 Did the material stay in the oesophagus?
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« Did the oesophageal function look okay? (Refer to radiologist for details.)

« Did the patient react to any abnormality of function (e.g. cough with aspiration)?

» How many swallows did it take to clear the bolus?

o If aspiration occurred what was the response of the patient to the aspiration
event?

— Did the patient clear the aspirate spontaneously and how effective was the
clearance?

— Did the patient require prompting by the speech pathologist to clear the
aspirate?

Once the symptoms have been identified, the clinician can then set about linking
the symptom (what was seen) with the physiological abnormality. Huckabee and
Pelletier (1999) have documented a ready reference of symptoms and their likely
physiological causes. They strongly advocate that clinicians should tie symptoms to
physiological cause. For example, if the symptom is ‘pooling in the valleculae after
the swallow’, the possible physiological explanations for this include:

 inadequate base of tongue-to-pharyngeal-wall contact;
 inadequate epiglottic deflection leading to post-swallow pooling;
 inadequate hyolaryngeal excursion; and/or

» pharyngeal weakness.

It is imperative that symptoms be tied to physiology if rehabilitation of the swallow
is to occur. The clinician must treat the cause of the problem, not the symptom, if
there is to be lasting relief from dysphagia.

If aspiration occurs, the clinician should make note of when it occurs? Is it before,
during, or after the swallow and what is the magnitude of the response? Feinberg
(1993) reported that it is common for relatively healthy people to react violently to
penetration or minor aspiration, whereas individuals with gross aspiration may show
a weakened response. Feinberg (1993) cites older individuals as having reduced af-
ferent airway receptors, causing them not to react until the material has entered the
distal end of the trachea, or even the main bronchi. Reduced sensation and a weak
response to aspiration mediated by ageing is an excellent recipe for increasing the
likelihood of aspiration (see also Chapter 2).

Once the worksheet information has been collected, the clinician can write a
succinct report. Unlike the worksheet, the report should clearly follow the natural
progression of the bolus from the oral cavity to the pharynx and then the oesopha-
gus. The clinician should succinctly report the results of the assessment in the con-
text of the background information and clinical assessment of swallowing. Likewise,
the recommendations at the end of the report should integrate all information from
the patient’s background and also the MBS results to propose a plan that is suit-
able for the individual’s needs. Any special instructions to staff or carers should be
included in the report. For example, staff should be requested to contact the speech
pathologist if the patient appears unable to cope with the textures or diets recom-
mended. Cues for this may be a reduction in overall diet and fluid consumption,
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a sudden deterioration in chest status and/or temperature spikes. Requests for su-
pervised feeding, the use of special utensils, or swallowing techniques should be
included in the report. Cues for the type of information that should be included in
an MBS report are:

e Background information (social and medical).
» Results of clinical examination of swallowing:

— general observations;
— oromotor assessment;
— food/fluid trials.

» Reason for requesting the MBS.
* MBS results:

views used during the procedure;

consistencies tested;

— results for the oral and pharyngeal stages of swallowing (with the radiologist
reporting the oesophageal phase);

any strategies tested (e.g. chin tuck, supraglottic swallow);

— overall impression and diagnosis, including severity.

 Recommendations:

— diets (liquids and solids, which may include non-oral methods of nutrition, e.g.
nasogastric tube, percutaneous endoscopic gastrostomy (PEG), or combinations
of oral and non-oral methods of nutrition);

— recommended feeding position (e.g. upright, supported reclined — see also
Chapter 11);

— instructions to staff or carers;

— any other referrals to medical or allied health staff.

Paediatric considerations

In the interpretation of the paediatric MBS study, the clinician must be familiar with
normal paediatric anatomy, growth and swallowing function (see Chapters 2, 13, 14).
Moreover, the clinician must take into account the child’s developmental age as well
as their chronological age (this is particularly important for premature infants).

RADIATION SAFETY ISSUES
Protecting the patient

The radiation dose delivered to the patient is determined by the radiographer or radi-
ologist, the machine used and the individual needs of the patient. Factors such as:

« the patient’s size or the body part being imaged;
« the density and location of the body part;
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« the x-ray dose rate;

« the level of magnification used;
« the x-ray field size; and

e the fluoro ‘on time’.

All contribute to the amount of radiation the patient will be exposed to during an
MBS (Beck and Gayler, 1990). Patients who are pregnant should not be assessed.
Females of child-bearing age should have a lead apron wrapped around them at
waist level to reduce accidental or refracted irradiation of the pelvic region. Children
should wear a lead apron from their waist down. In order to minimize the effects of
radiation, the amount of time the patient is exposed to x-rays (i.e. fluoro ‘on time’)
should be kept to a minimum. Beck and Gayler (1990) recommend that initial diag-
nostic studies should rarely exceed 2 minutes of x-ray ‘on time’. However, they ac-
knowledge that trials of multiple consistencies, differing head or body positions, and
swallowing manoeuvres may add additional time to the average procedure. Palmer
et al. (1993) have reported longer times of over 4 minutes for their population of
individuals with dysphagia of neurological origin and Crawley et al. (2004) reported
amedian screening time of 3.7 minutes (range 2.5 to 4.3) in a heterogeneous popula-
tion. As noted above, the patient should lead the investigation in so far as the patient
should be given the bolus roughly as the x-ray equipment is turned on. This is prefer-
able to the patient taking and holding the food or fluid in the oral cavity and possibly
swallowing it before the image can be captured. ‘Panning’ or moving the image in-
tensifier to follow the barium bolus should be minimized. Although panning may be
required for the oesophageal phase of the study, it should not be used during evalu-
ation of the oropharyngeal phase (Mahesh et al., 2003). Practising any manoeuvres
prior to the MBS assessment will also minimize radiation exposure time in that
patients are not being taught these manoeuvres while they are being radiated.

Studies investigating the dose given to the patient during an MBS show that the
radiological procedure provides low radiation risks. Crawley et al. (2004) found that
the effective dose rate to the patient in an MBS procedure was 0.85mSv (range
0.76 mSv to 1.3mSv). Overall radiation risks associated with MBS were judged to
be 1 in 16,000. The organ receiving the greatest dose rate was the thyroid, with an
equivalent dose rate of 13.9 (12.3mSv to 20.7mSv). In contrast to the MBS, the
barium swallow was reported to have an average screening time of 104 s, but a dose
area product of 6.6 Gycm? to 6.8 Gycm? which is twice that of the MBS (3.5 Gycm?)
(Crawley et al., 2004). The reason given for higher dose rate during barium studies
was the use of spot images. Spot images are not often recorded for MBS procedures.
The annual effective dose rate for the general public has been reported as 1 mSv per
year (Chan et al., 2002).

Protecting the clinician

The speech pathologist should wear a lead apron throughout the MBS procedure to
protect them from radiation exposure. The lead apron covers the trunk of the body.
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In addition a thyroid protector may also be worn. Some radiological suites also of-
fer lead impregnated gloves and glasses (to protect the lens of the eye). Beck and
Gayler (1990) have advocated that lead glasses are more appropriate for radiological
procedures where the dose rate is considerably higher than during an MBS proce-
dure (e.g. cardiovascular procedures). Many suites have a lead-impregnated shielded
area from where one can view the procedure, but it is not possible to assist with the
procedure from this vantage point.

The concept of reducing x-ray ‘on time’ also assists the operator. The less time the
patient is being irradiated, the less time the clinician is in an environment where they
could be exposed to radiation. Clinicians should also carefully consider where they
stand during an MBS procedure. As the x-rays pass through the patient they scatter
to surrounding areas. Positions behind the patient or in line with the patient provide
opportunity for increased radiation exposure due to x-ray scatter reflected from the
patient. A position in front of the patient (i.e. near the image intensifier) provides a
physically safe position (Mahesh et al., 2003). In addition, sheer distance from the
patient also affords protection as scatter dose rate reduces with distance (Beck and
Gayler, 1990). A distance of 30 cm from the patient’s neck provides a mean dose of
33.68 uSv. At 60cm it is reduced to 8.42uSv and at 100cm it is 3.03 uSv. The dis-
tance from the hand to the neck of the patient during feeding is approximately 30 cm,
and the position of the body of the feeder from the patient is 60 cm.

Radiation monitoring badges may also be available from the radiology depart-
ment, depending upon the policies and procedures of the individual workplace.
These devices measure a cumulative exposure to ionizing radiation. In many cases
it is more appropriate that they are worn by individuals who routinely work in radi-
ology suites (e.g. radiographers). The annual dose limit for Australia can be found
at www.arpansa.gov.au. This website contains the recommendations for limiting
exposure to ionizing radiation (1995) and the national standard for limiting occupa-
tional exposure to ionizing radiation (2002). Chan et al. (2002) have reported that
an annual dose limit of 20mSy, and that based on their findings a radiology worker
could perform 2,583 MBS studies per year and still not exceed dose limits. Crawley
et al. (2004) report that in doing 50 MBS studies per year, the operator would incur
an annual radiation dose of 0.6mSv to the body, 1 mSv for eyes, and 1.8 mSv for
the extremities, against legal doses of 20mSv (body), 150mSv (eyes) and 500 mSv
(extremities).

RELIABILITY AND TRAINING

As noted in the introduction, the MBS procedure provides objective images that are
then interpreted by clinicians. Both training and the ability to discuss the results
with others have been found to improve the reliability of the results. Logemann
et al. (2000) found that even a 4-hour training period produced an improvement in
identification of radiographic anatomy and also swallowing disorders in clinicians
with an average of three years’ work experience. There are no published studies to
document the number of hours of training a new graduate clinician requires in order
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to accurately identify anatomy radiographically and correctly interpret the results of
the MBS examination.

Agreement with MBS ratings has been found to be higher when clinicians are given
definitions of parameters to be rated, such as that used in the penetration-aspiration
scale (Rosenbek et al., 1996). Stoeckli et al. (2003) found that of all the parameters that
were rated, only the presence of aspiration was reliably reported in their study that in-
cluded experienced speech pathologists from nine different international swallowing
centres. Parameters such as: efficiency of lip closure, tongue movement, palatal move-
ment, amount of residue etc., showed poor inter-rater reliability. The authors concluded
that consensus of definitions for the parameters observed during an MBS would signif-
icantly improve inter-rater reliability. Further to this, Scott et al. (1998) have found that
agreement between raters improves when ratings are made after group discussions,
and that levels of agreement are lowest when individuals work alone. The researchers
found that ratings for semi-solid boluses were better than for liquid boluses.

Other factors found to affect reliability of performance also included image
quality. Hyper-illumination of body images makes it difficult to discern anatomical
boundaries. Kandel and Wurtz (2000) noted that edges are very important to the per-
ceptual organization of our visual fields, so bright margins at body extremities, for
example around the lips, will distort the clinician’s view of these structures. Strong
technical skill provided by the radiographer or radiologist will assist in minimizing
variability due to image quality. The task complexity associated with reviewing and
interpreting an MBS examination has also been perceived to influence clinician
judgements (Scott et al., 1998). In line with the suggestion to provide parameter defi-
nitions is the suggestion that the number of parameters to be interpreted be kept to
the most salient ones. Once again, individual experience will determine the possible
data set of ‘the most salient parameters’ for investigation.

The issue of rater reliability also draws the question of training undergraduate
students. Wooi et al. (2001) conducted a study with undergraduate speech pathology
students, providing them with 5 hours of structured sessions for interpretation of
MBS studies, and assessment via worksheets. They concluded that upon completion
of the sessions, the students would still have needed access to senior or supervis-
ing staff for competence in interpretation of MBS studies, with the suggestion that
accredited postgraduate courses should be made available to new graduates. The
University of Minnesota offers an opportunity to practise identification and evalu-
ation of videofluoroscopic swallowing images using the Web (http://www.d.umn.
edu/csd/video/swallowing.htm). The CD-ROM The Dynamic Swallow developed
by Scholten and Russell at Flinders University (Australia) is a multimedia package
including diagrams, animations and videos of swallowing. It is available through
Clear Vision (South Australia) or http://www.fusion.com.au/tds/.

ADVANTAGES AND LIMITATIONS

All assessment techniques present with advantages and limitations and the MBS
is no exception. Although the MBS procedure aims to provide objective data, the
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quality of the image will depend upon the operator’s skill in reducing or eliminat-
ing image noise, receptor blur and motion blur in addition to producing optimum
contrast and image sharpness. Once the image has been acquired the interpretation
requires the skills of human beings. Our interpretation can hardly be described as
‘objective’. It clearly depends upon skill and experience in both conducting the pro-
cedure and interpreting the results. Martin-Harris et al. (2000) purport that the MBS
positively affects clinical practice by providing referral to other specialists after the
procedure, adjustment of dietary textures, and identification of strategies to improve
patient safety. This being said the advantages and limitations of the procedure are
detailed below.

Advantages

e The procedure provides views of the oral, pharyngeal and oesophageal structures
and phases of swallowing.

* One is able to assess the duration of each of the oral, pharyngeal and oesophageal
stages of swallowing.

» The procedure provides information about the safety of different food and fluid
textures/viscosities and the ability of the individual to use compensatory tech-
niques or therapeutic manoeuvres (see Chapters 11 and 12).

» Images are recorded to allow later review and analysis and to allow a comparison
of function over time.

Limitations

» The procedure involves the use of ionizing radiation (radiation dose rates are un-
derstandably limited each year). Radiation is an issue to both the patient and the
operator (including the speech pathologist). For the same reason, frequent test
repetition is inappropriate.

e The procedure does not use regular dietary foods and fluids. The barium may affect
the taste and/or the texture of the foods/fluids and does not provide a true example
of how the individual manages dietary foods and fluids (see also Chapter 3).

» The MBS provides a ‘test’ or artificial situation that may not be representative of
normal function. Due to time limitations of the procedure (because of radiation
safety considerations), the time required for some patients to eat may be underes-
timated and fatigue might also be less obvious.

e The MBS focuses on motor function, but is unable to directly analyse the sensory
function of the oropharyngeal system.

» There are difficulties in the accessibility and availability of the procedure, particu-
larly in rural and remote areas. In the future these difficulties may be somewhat
alleviated by telehealth medicine.

e The procedure is necessarily costly due to the equipment, resources and staff re-
quired to perform the procedure.
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 Difficulties with patient size (e.g. obesity) or stability (e.g. hemiparesis) may mean
that certain individuals cannot be accommodated with an MBS procedure.

MODIFIED BARIUM SWALLOW VERSUS BARIUM SWALLOW

The MBS should not be confused with the barium swallow. The barium swal-
low is also a radiological imaging technique that assesses swallowing function.
Its focus is on the structural competence of the oesophagus, with only a scan of
the oropharynx. It requires the patient to swallow large amounts of liquid bar-
ium rapidly (over 50ml). It is used as a diagnostic tool for the oesophagus and
aims to indicate whether there is a problem with the structure or functioning
of the oesophagus. It usually involves a radiographer and/or a radiologist. The
speech pathologist is not usually involved in a barium swallow, however, may
be called in to examine the oropharyngeal swallow if it becomes apparent dur-
ing the barium swallow that the patient is experiencing difficulties in the oral or
pharyngeal phases. The MBS on the other hand has its primary focus on the oral
and pharyngeal phases of swallowing, with a scan of the oesophagus. It is more
than a diagnostic procedure as it also affords the opportunity to commence treat-
ment planning and to see if the treatment works. If a patient with oropharyngeal
dysphagia is inadvertently referred for a barium swallow, considerable aspiration
may occur before the trial can be aborted. The consequences of massive aspira-
tion can cause major medical complications requiring acute care hospitalization
(Pennington, 1993).

FIBREOPTIC ENDOSCOPIC EVALUATION OF SWALLOWING
(FEES)

The endoscopic evaluation of swallowing is another visual procedure that affords the
clinician a different visual perspective. Rather than the two-dimensional, black-and-
white image of shadows and lines afforded by x-ray, the clinician can take advantage
of a direct view of structures from a horizontal plane affording what appears to be
a colour image. (Of course, the view is really two-dimensional.) This being said,
both the MBS and endoscopic evaluation of swallowing are complementary rather
than one being superior to the other. Each technique offers the clinician a different
perspective, and the clinician’s choice as to which imaging technique to use should
be patient driven. The original purpose of the endoscopic evaluation of swallowing
was the provision of an assessment when fluoroscopy could not be done. It has since
become a standard assessment of swallowing in the United States and sometimes
the preferred assessment tool. Its use in other countries, such as Australia, is also
growing steadily.

The FEES procedure, with its inception in 1988 (Langmore et al., 1988), affords
the clinician:



IMAGING ASSESSMENTS 213

« an assessment of the anatomy and physiology of many of the structures associated
with swallowing;

« an assessment of swallowing ability for food, liquid and secretions; and

e an assessment of the patient’s response to therapeutic interventions (Langmore,
2004).

Fibreoptic endoscopic evaluation of swallowing was given a copyright to distinguish
this procedure from (a) a standard ENT laryngology examination used to diagnose
medical pathology and (b) a screening tool to detect aspiration (Langmore, 2003).

EQUIPMENT AND ACCREDITATION

A laryngoscope, a light source, chip camera, videotape or digital recorder and a moni-
tor are the equipment requirements for performing endoscopic evaluation of swallow-
ing. The chip camera converts the image seen to a video signal allowing the image
to be viewed on a monitor and recorded onto a video recorder (Murray, 2001). The
diameter of the portion of the endoscope that is inserted into the nares is very small, at
approximately 3 mm to 4 mm for adults and 2.2 mm diameter for children. It is pos-
sible to pan the tip of the endoscope to a 90° field of view, using the angulation lever
on the handset of the endoscope. Detailed information regarding the mechanics of the
endoscope and the technique for handling the tool can be found in Langmore’s (2001)
text Endoscopic Evaluation and Treatment of Swallowing Disorders. Nasal anaesthetic
(gel or ointment) may be applied to the nares to allow the scope to be passed comfort-
ably; however, if the anaesthesia reaches the pharyneal tissue it may disrupt sensory
perceptions required for swallowing and adversely affect the swallowing examination.
For this reason also, anaesthetic spray should not be used, as its coverage of the mucosa
cannot be well controlled. Nasal decongestants have also been advocated to increase the
size of the nares, which makes passing the scope more comfortable. However, medical
orders for both anaesthetics and decongestants may be required (Langmore, 2004).

Infection control is very important in using endoscopy. Universal precautions
prior to, during and after the examination are required (hand washing, use of gloves,
disposal of gloves etc.). The endoscope also requires disinfection after each exami-
nation. Ear, nose and throat or otolaryngology specialists can provide advice on
proper disinfection of the endoscopy equipment. Endosheaths may be used but still
require disinfection of the endoscope. These are single-use disposable sleeves that
fit over the flexible tube of the endoscope. (available from Vision Science in the US
and Global Scientific in Australia).

Not surprisingly, for a clinician to use endoscopy to assess swallowing function,
dedicated training is required. There are a few different clinical models for per-
forming endoscopic swallow studies. At the most conservative end, the procedure
is carried out jointly by an ENT specialist and the speech pathologist. Both provide
specialist knowledge from their relevant fields of expertise and this type of exami-
nation will provide the most detailed evaluation possible. It is not always possible
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or practicable to have an ENT specialist present for the entire duration of the swal-
lowing assessment, however. In this event, the ENT specialist may pass the scope
and provide a quick investigation of the larynx and pharynx for medical pathology.
At the completion of this stage, the ENT specialist may leave the speech patholo-
gist to take over the scoping and complete the swallowing evaluation independently.
There is also a model that has speech pathologists trained with due accreditation to
perform the endoscopic evaluation of swallowing independently. In this model, the
speech pathologist passes the endoscope and performs the examination independ-
ently. If the procedure is recorded, an ENT may view the tape at a later date and
comment on the presence or absence of anatomical disease. There is some contro-
versy about speech pathologists’ use of endoscopic evaluation of swallowing. Some
speech pathologists are concerned about:

» whether it is within the scope of practice for the speech pathologist to perform the
procedure;

e whether endoscopy is sensitive enough to the physiology of swallowing; and

« the comfort levels of the patient during the procedure (Hiss and Postma, 2003).

Ear, nose and throat specialists have also expressed concern regarding:

» whether speech pathologists will work outside their area of expertise and attempt
to diagnose medical pathology; and

« whether medical pathology may be missed because an ENT is not present in some
models of service delivery (Hiss and Postma, 2003).

Hiss and Postma (2003) reported that speech pathologists with expertise in dysphagia,
who have appropriate and specialized training in endoscopy are qualified to use the
procedure for assessing swallowing function, and related functions of structures with
in the upper aerodigestive tract. The model chosen (ENT + speech pathologist or
speech pathologist only) will be determined by the skills and accreditation of the
speech pathologist, availability of medical specialists, and institutional or licensure
requirements. Clinicians who plan to be the endoscopist require training in the tech-
nique and skill of passing the endoscope safely, with minimal patient discomfort,
and in such a manner as to obtain an optimal view. Clinical knowledge about normal
and abnormal swallowing and appropriate therapeutic interventions, as viewed endo-
scopically is needed by all clinicians, whether or not they are the endoscopists. In all
cases, development of written policies, including management of adverse reactions is
strongly advocated prior to implementing the endoscopic evaluation of swallowing.

ANATOMICAL STRUCTURES AND VIEWS

Endoscopy allows the clinician to view directly the velum, the structures of the
oropharynx, the hypopharynx, the larynx and the entrance to the trachea. The clini-
cian can also visualize pooling of secretions in the hypopharynx. Tissue oedema
and erythema (redness) can also be seen, as well as any other mucosal abnormality.
Altered anatomy can be easily appreciated for its impact on swallowing.
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PHYSIOLOGY

Fibreoptic endoscopic evaluation of swallowing provides the clinician with physiologi-
cal information about speech (i.e. soft palate, vocal fold movement), non-speech tasks
(e.g. airway protection and cough) and swallowing movements. Endoscopic evalua-
tions provide information regarding the pharyngeal phase of swallowing, aspiration
and risk of aspiration. They also afford the clinician more information about swallow-
respiratory coordination. Premature spillage into the hypopharynx can be visualized
and the path of the bolus can be seen clearly. Tongue base retraction, velopharyngeal
closure, and epiglottic inversion can be viewed endoscopically just as the swallow
begins. After the swallow, the epiglottis can be visualized as it returns to rest.

In a normal swallow, the view during the height of the swallow is interrupted.
With the tip of the endoscope just above the epiglottis, the pharyngeal walls are seen
as they begin to medialize and the base of tongue begins to move towards the pha-
ryngeal walls. As the lateral pharyngeal walls medialize, and the epiglottis begins
to invert, the closure of the airspace will produce a momentary ‘white out’ where the
view is obscured by light being reflected back to the endoscope (Langmore, 2004).
This ‘white out’ period usually lasts approximately half a second. Where the white
out period is shorter than this or absent altogether, it indicates that airway closure
was incomplete.

A view of airway closure at the onset of the swallow can also be visualized eno-
doscopically. Investigation has shown that the order of events for the swallow may
vary slightly from person to person, but they are generally consistent within the
same person (Van Daele et al., 2005). With the scope positioned behind the epiglot-
tis (over the laryngeal surface about half way down the epiglottis), the first structural
movement to be seen is from the arytenoids as they medialize and then tilt forward
towards the base of the epiglottis. Soon after this movement begins, the epiglottis
begins to retroflex. It is at this point that the hyoid elevation and anterior movement
begin. The vocal folds are the last layer of airway closure to be executed: they do not
close until approximately half a second after the arytenoids have begun their medial
movement. Glottic closure may not be seen at all endoscopically since white out may
occlude the view before it occurs. This order of airway closure is very different from
that for breath-holding and has many implications for teaching patients strategies for
protecting their airway during swallowing.

Sensation can be assessed formally using the fibreoptic endoscopic evaluation
of swallowing with sensory testing (FEEST), which is outlined below. Informally,
sensation can also be tested from the patient’s response to various features of the
endoscopic examination. Indications of sensory status are the response of the patient
to the following (adapted from Langmore, 2004):

» Presence of the scope in the nose, and pharynx.

« Stimulation of salivary flow.

 Reaction of the patient to post-swallow residue in the pharynx.

» Reaction to premature spillage of the bolus into the pharynx prior to a swallow
reflex being generated.
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e Reaction to any material (food, liquid, saliva) in the laryngeal vestibule.

» Reaction to aspiration.

» Reaction to direct touch (i.e. touching of the endoscope onto the pharyngeal or
laryngeal structures).

THE PROCEDURE

If the patient is bedbound, the procedure should be done with the clinician standing
on one side of the bed and the monitor on the other. The endoscope straddles the
bed and the examiner holds the endoscope to his/her nose in a ‘fishing pole’ posture.
If the patient can come to the clinic, he/she is generally seated facing the monitor
while the examiner stands to his/her side so that he/she can also view the monitor.
A table will usually be placed in front of the patient so he/she can eat the food in
front of him/her.

The scope is passed through the left or right nasal passage, generally hugging
the floor of the nares and following its contours to exit over the soft palate. The
nasal septum and especially the turbinates, should be avoided as this is likely to
cause discomfort (Murray, 2001). For individuals who are nervous, lifting the chin
and asking the individual to phonate or hum as been suggested (Crary and Groher,
1999). A lubricating gel or even water on the sheath of the endoscope can be used to
lubricate the scope in order to minimize patient discomfort while the scope is being
placed into position. Once in situ the clinician should take care to ‘anchor’ the scope
by using their finger to pinch the scope against the nose. This minimizes unneces-
sary movement and discomfort. The clinician should stay well away from the base
of tongue and lateral pharyngeal walls at the level of the nasopharynx as this will
probably trigger the gag reflex. From time to time, the examiner will need to dip
down closer to the vocal folds to get a good look at the infra-larynx, but then return
to the ‘home position’ before the next swallow.

THE FEES PROCEDURE

The FEES examination consists of an assessment of functional integrity of the mus-
cles required for swallowing during non-swallowing tasks, followed by an assess-
ment of swallowing, concluding with therapeutic interventions. The full, revised
FEES protocol is included in the appendix to this chapter. Observed and inferred
findings from the FEES examination are documented in Table 8.1.

Part I of the FEES procedure: assessment of anatomy and structural
movement — non-swallowing tasks

In Part I of the FEES examination, the velum, pharynx, larynx, and base of tongue
are assessed for structural integrity and movement. The examination generally com-
mences with an assessment of velar and lateral pharyngeal wall movement to close
the velopharyngeal (VP) port. Movement of these structures can be viewed while the
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Table 8.1 Salient findings with endoscopy and fluorosocpy (usually inferred from
adequacy of bolus flow)

Directly Directly Inferred Inferred
Finding observed MBS FEES MBS FEES

Poor oral bolus control (out of mouth) v v
Premature entry of the bolus into the 4 v
pharynx
Pre-swallow aspiration
Post-swallow aspiration
Residue in the valleculae
Residue in the pyriform sinuses
Residue in the laryngeal vestibule
Reduced pharyngeal contraction
Reduced laryngeal elevation
Reduced epiglottic inversion
Reduced glottic closure
Reduced VP closure
Reduced upper oesophageal sphincter 4 4
opening
Reduced sensation/ response to v v
sensory stimuli

NN
ANANEN ANENENEN
SRR

ANANEN

Source: adapted from Crary and Groher (1999) and expanded.

individual hums, produces nasal and oral phonemes, and oral and nasal sentences.
A swallow will also activate the VP port and complete closure should be observed.
Once the VP port has been assessed, the scope can be advanced to provide a view
of the oropharynx. The clinician can now view the symmetry and bulk of the base
of the tongue. Speech tasks, such as the American pronunciation of the post-vocalic
‘1" as in ‘ball’, provide a view of tongue-base retraction (Langmore, 2004). Exami-
nations of the pharynx may include requesting the individual to phonate in a high
strained voice. When phonating this way, the pharyngeal walls should move towards
each other. Failure to do so may indicate weakness of the pharyngeal walls (Crary
and Groher, 1999). The patient can also be asked to glide up in pitch until strained
to demonstrate movement of the pharyngeal constrictors and laryngeal elevation.
The scope may be advanced slightly further still to afford the clinician a view of
the pharynx, larynx and the tracheal opening. Asking the individual to ‘sniff” will
afford a view of vocal fold abduction associated with voluntary airway opening. To
view opening and closing of the glottis, the clinician may ask the patient to perform
the following: ‘sniff — say /eeee/ — sniff — say /eee/’ (Crary and Groher, 1999).
Sustained phonation of /eee/, and repeated and fast repetitions of /heee/ may also
provide information regarding symmetry, completeness, precision and speed of vo-
cal fold movement during phonation. Putting the vocal folds through the extremes
of abduction and abduction in the ‘sniff — eee’ procedure will probably cause weak
vocal folds to fatigue and hence may highlight subtle vocal fold paresis or paralysis
(Mercati and Rieder, 2003). Observation of a forced breath hold should show the



218 DYSPHAGIA: FOUNDATION, THEORY AND PRACTICE

glottis tightly closed by the true vocal folds, false vocal folds, and arytenoids. Can
the individual sustain a breath hold to a count of five or seven? If not, then voluntary
breath-holding manoeuvres such as the supraglottic swallow (see Chapters 11 and
12) may not be useful therapeutically (Langmore, 2004). Patients can also be asked
to cough or clear the throat in order that the clinician can view the adequacy of these
actions.

Throughout the entire time when the patient is asked to perform the non-
swallowing tasks, the examiner will be observing the anatomy within the region
of interest. Anatomy can greatly affect swallowing behaviour. Missing or altered
structures, oedema, intrusion of foreign bodies such as a feeding tube or tumour, or
even normal anatomical variants can be the primary underlying reason why a patient
can swallow successfully or not. Anatomy is needed to support structural movement
and it directs the bolus through the hypopharynx. Endoscopy is a superior tool to
appreciate this fact.

Management of secretions can be successfully assessed during an endoscopic
assessment. Passing of the scope should stimulate salivary flow and spontaneous
swallows. If secretions are visible in the pharynx, the clinician should evaluate the
extent of secretions, where they occur and whether they are transient or lasting. Note
also that it is normal for there to be some small accumulations of saliva in the pyri-
form sinuses, however, these should be spontaneously swallowed (see Chapter 3). It
is not normal for there to be secretions in the laryngeal vestibule or excessive secre-
tions in the pharynx. In fact the accumulation of secretions in the laryngeal vestibule
has been found to predict aspiration of food or fluids (Murray et al., 1996).

Part II of the FEES procedure: direct assessment of swallowing

In Part IT of the FEES examination, swallowing is directly assessed. A range of
bolus types can be given, with the advantage that real foods and fluids are used. The
clinician could start with the current diet and fluids to evaluate current function.
In a FEES examination, issues relating to the taste, texture, viscosity and density
of barium, which are critical for the MBS procedure (see also Chapter 3), are not
of concern. The clinician does have to be mindful of the colour of the substances
chosen. Purple, blue, green and orange food/fluid colourings are generally easier
to perceive (see Figures 8.3 and 8.4). Grape juice and pureed apricots are naturally
occurring colourants that may be useful for FEES examinations. Spillage can be ac-
complished with any thin liquid, but detection of aspiration of thin liquids requires
a substance that is highly visible and leaves a more permanent trail behind. Barium
liquid or milk dyed green or blue, are good choices as they leave a coating behind in
their path and aspiration is easily detected. As with the clinical examination and the
MBS, varying volumes, taste, temperature, and textures can be assessed. The bolus
volumes and number of different textures assessed will be patient specific.

For a standard examination, the clinician may allow the patient to self-pace quan-
tities of foods and fluids tested. This will allow the clinician to determine what nor-
mally happens at meal times. After this has been observed, the clinician may alter
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Figure 8.3 Endoscopic image of the pharynx and larynx viewed from above. The green
dyed bolus has traversed the aryepiglottic fold and is also visible in the pyriform sinus. A
portion of the vocal folds is open. Reproduced by permission of Kay PENTAX

bolus size, rate of delivery and different bolus textures and viscosities. As abnormal
swallow behaviour is detected, the examiner brings his knowledge of dysphagia and
skills in clinical decision making to the examination so that the problem can be well
understood and appropriate interventions can be tested.

Posterior pharyngeal
wall

Bolus in
the
pyriform
sinus

Epiglottis

Bolus in
valleculae

Figure 8.4 Endoscopic view of the pharynx. The epiglottis and pharyngeal walls are
visible. The arytenoids appear to be adducted. The green dyed bolus is visible in both the
valleculae and the pyriform sinus. Reproduced by permission of Kay PENTAX
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For individuals with a severe dysphagia, the clinician should perform a controlled
and conservative examination. In this event, the clinician would control the textures,
viscosities, bolus size and rate of delivery. The clinician may also choose to adminis-
ter coloured ice chips (e.g. green to increase visualization). These have the advantage
of providing a cold stimulus that may enhance sensory feedback and assist swallow-
ing initiation. The ice chip protocol may be particularly useful for individuals who
are non-oral as these individuals frequently have a dry mouth, which makes it dif-
ficult to initiate a swallow (Langmore, 2004). An ice chip is a relatively benign bolus
to test the patient’s ability to swallow without risking complications of aspiration.

It is also possible to put food colouring into a nasogastric feed and scope the
patient after a bolus feed to see if there is visual evidence of refluxed material. In ad-
dition, with individuals who have a tracheostomy, the clinician may view the larynx
from inferior by placing the scope into the stoma and positioning it to look at the
vocal folds and larynx from below. This technique will only be effective when the
tracheostomy tube has been removed (e.g. during changing of the tube for hygiene or
sizing requirements), as the tube would occlude the view of the cords.

Part I1I of the FEES procedure: therapeutic intervention

After swallowing ability has been assessed, the examiner needs to address any prob-
lems that have been identified. The nature of the swallowing problem and other
patient variables determine which therapeutic intervention should be tried; compen-
satory or rehabilitative. Any of the compensatory interventions that can be tried in
fluoroscopy can also be tried under endoscopy to determine if they are effective in
making the swallow safer or more effective. The clinician can teach the patient to
use double swallows or alternative manoeuvres to reduce post-swallow pharyngeal
residue and the effect on residue can be assessed immediately. An advantage of en-
doscopy is that there is more time to try a variety of postures, manoeuvres, or bolus
alterations than would be possible in the fluoroscopic suite.

Moreover, if there is time, endoscopy can also be used as a biofeedback tool to
make patients aware of their problems or to teach them new strategies. With im-
mediate visual feedback paired with the ongoing swallowing activity, patients learn
quickly what works and what does not. Biofeedback is a very powerful method of
learning or re-learning behaviour and the clinician can use this tool to teach a ma-
noeuvre or just to emphasize a point. For example, if the clinician sees residue in
the pharynx, it may be worth asking patients if they can feel any residue. If they do
not feel the residue, they may benefit from them directly seeing the residue on the
monitor. This strategy is especially valuable with the patient who is a silent aspirator.
Principles of biofeedback are discussed in Chapter 12. Swallowing compensation
and rehabilitation are discussed in detail in Chapters 11 and 12.

IDENTIFICATION OF FINDINGS AND INTERPRETATION OF RESULTS

After the FEES examination is over, the clinician needs to review the examination,
summarize the findings, interpret the results in terms of the underlying anatomical
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or physiologic problem, make a prognosis, and make recommendations for manage-
ment. The report will differ from a fluoroscopy report in some ways, but the impres-
sions section should be very similar. The following is a list of common findings
obtained from a FEES or an MBS examination.

 Poor oral control/awareness leading to spillage into the hypopharynx during the
oral stage.

« Spillage of the bolus after the oral stage has been completed, or delayed initiation
of the swallow:

— duration of spillage time;
— the last point the bolus touched before a swallow was triggered.

 Aspiration before the onset of the swallow.
 Aspiration during the swallow (during white out):

— observed from residue after the air space returns;

— incomplete bolus clearance; rate severity and the following locations: base of
tongue, valleculae, lateral channels, pyriforms, laryngeal rim (specify where);

— aspiration after the swallow;

— oesophageal-pharyngeal reflux;

» Sensory awareness and motor response of the patient to abnormal findings above.

The pattern of abnormality can be summarized as an underlying problem with one
or more of the following:

« oral control, manipulation of the bolus;

* timely initiation of the swallow;

« airway protection and velopharyngeal valving;

* bolus driving/ clearing forces (tongue, pharynx).

PRECAUTIONS/CONTRAINDICATIONS

Langmore (2004) reported that FEES has an excellent safety record, with no known
serious complications arising from the procedure. There are some specific potential
events that the clinician should be aware of, however. Where a topical anaesthetic is
used for the nasal cavity to ease the discomfort associated with endoscope insertion,
the clinician should be mindful of allergic reactions to the anaesthetic. Given that
a scope is placed transnasally during the procedure, nosebleed is a potential com-
plication. Anxious individuals may have a vasovagal response to the procedure and
faint during the examination. To alleviate possible fainting episodes, the examina-
tion should be calm, with the examiner confident and reassuring. The clinician may
also wish to ascertain whether the patient has a history of fainting or if they have
any acute cardiac conditions, in which case heart rate or blood pressure may need
to be monitored.

Laryngospasm is another potential complication, fortunately rarely seen. Laryn-
gospasm is an exaggerated laryngeal adductor response. It is a protective reflex and
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a response to sudden or unexpected stimulus that is perceived as noxious. It is most
commonly associated with gastroesophageal reflux (acid), aspiration, drowning and
following general anaesthesia (e.g. during extubation). Prevention of laryngospasm
can be afforded by a cautious examination — the larynx should not be purposely or
forcefully touched. In the event that it does occur, the patient should be calmed, and
the spasm will subside. Forceful blowing of air at the mouth may also break the
spasm.

ADVANTAGES AND LIMITATIONS

The advantages of the FEES technique are:

* portability;

« reduced cost in comparison with fluoroscopys;

« the ability to use real foods and fluids;

« the ease of repeat procedures;

« ability to directly assess the larynx and secretion management; and
* use in an extended therapy session.

In addition, it has the large benefit of not requiring radiation. This means that re-
peat procedures can be performed as often as the patient will tolerate it. Also, be-
cause of the lack of radiation issues, it can be used to good effect as a biofeedback
tool.

There are a few limitations to the technique. Firstly, it is a limitation that the
view of the larynx is obscured by the medializing pharyngeal walls and epiglottic
inversion during the critical period of the swallow. It is not possible to see material
enter the larynx when this ‘white out’ view occurs. Evidence of aspiration is often
assumed from residue or coating in areas where there should not be coating (i.e.
subglottic shelf of the trachea), or staining of the vocal folds, etc. Thus the clinician
is left to infer from secondary observations, rather than seeing the primary event.
Fortunately, 90% or more of all aspiration events occur before or after the swallow
(Smith, et al., 1999), thus endoscopy is well equipped to detect the majority of aspi-
ration events. In addition, the use of barium liquid will leave a coating behind so that
the evidence of aspiration is usually visible. Table 8.2 provides information regard-
ing common causes of aspiration as related to the timing of the aspiration episode
(before, during or after the swallow).

Secondly, it is not possible to provide information about the oesophageal phase
from the endoscopic evaluation. It may be possible to infer an oesophageal problem
if material is seen to re-enter the hypopharynx after the swallow has been completed
(i.e. reflux). Further oesophageal assessments would then be required. There are
also some queries as to whether the endoscopic examination still provides an assess-
ment situation that is truly representative of normal eating. Patients have described
the procedure as anything from mildly to moderately uncomfortable (Leder et al.,
1997).
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Table 8.2 Common causes of aspiration as related to timing of aspiration episode

Percentage occurrence of
Timing of aspiration ~Common causes of aspiration aspiration events!

Prior to swallowing  Failure of glossopalatal seal with 24%—-25% prior to swallow
premature leakage from mouth and
entry into open larynx. Reduced
sensory awareness of the bolus.

During swallowing  Late/ delayed airway closure. 6—8% during swallow
Reduced laryngeal elevation (hyoid,
cricothyroid, epiglottis). Poor
laryngeal closure (arytenoids/true
vocal cords). Incomplete epiglottic
tilt — anatomical cause.

After swallowing Overflow of retained bolus. Late 67% after the swallow
emptying of a pouch or diverticulum.
Regurgitation from oesophagus GER.

'Smith et al. (1999).
Source: adapted from Jones, 2003c: 69.

FORMAL SENSORY THRESHOLD TESTING (FEEST)

A variation of the endoscopic evaluation of swallowing is the addition of formal
sensory threshold testing (FEEST). In this mode, the endoscope is passed as usual;
however, there is the facility for a calibrated puff of air to be delivered to the pha-
ryngeal and laryngeal structures. The air puff is delivered for 50 ms duration (Aviv,
2000). The body’s response to different levels of air pressure provides the clinician
with objective information regarding sensory integrity of the area assessed. The cal-
ibrated puff of air is delivered to the aryepiglottic folds and individuals with normal
sensation will produce a laryngeal adduction reflex (like a ‘blink’ of the vocal folds).
The puff of air stimulates receptors in the laryngeal mucosa that are carried by the
afferent nerve fibres of the superior laryngeal nerve to the brain stem. From the brain
stem, the efferent signal is carried via the recurrent laryngeal nerve to the vocal
folds, causing them to momentarily adduct. While the FEEST procedure directly as-
sesses the ability of a mechanical stimulus to excite the laryngeal adductor reflex, the
laryngeal mucosa is also sensitive to chemical and taste stimulants. Because there is
presumed to be high overlap within the laryngeal areas of these different receptors,
clinicians generalize the findings of the sensory test to the patient’s ability to handle
food and liquid safely —i.e., to protect the airway. Further research as to the validity
of this impression remains to be done.

Setzen et al. (2003) suggested that normal sensation is triggered at pressures be-
low 4 mmHg. Moderate deficits in sensation occur if a response does not occur until
the range of 4—6 mmHg. Severe deficits in sensation are detected when the response
does not occur when the calibrated puff exceeds 6 mmHg. Information regarding
sensory loss may provide useful information for patients at risk of aspiration because
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the laryngeal adductor reflex (LAR) provides a measure of airway protection. An
age-related change in laryngopharyngeal sensation has been reported (Aviv et al.,
1994). Aviv also reported that patients after cerebrovascular accident with abnor-
mally high thresholds for activating the LAR were significantly more likely to get
aspiration pneumonia (Aviv et al., 1997). Abnormal laryngopharyngeal sensation is
associated with dysphagia and aspiration. Where the laryngopharyngeal adductor
reflex is absent, individuals are more likely to penetrate and aspirate on both puree
and liquid consistencies (Aviv et al., 2002). Nearly all individuals with severe pha-
ryngeal motor dysfunction in addition to laryngopharyngeal sensory dysfunction as-
pirate (Setzen et al., 2003). A combination of poor motor function and poor sensory
function significantly increases the odds of aspiration occurring. Aviv et al. (2002)
found that when the pharyngeal motor response was intact, individuals tolerated
puree consistencies well, regardless of the integrity of the sensory system. However,
an intact pharyngeal motor system in combination with a severe laryngopharyngeal
sensory deficit will result in penetration/aspiration of thin liquids. These studies
serve to highlight the importance of both the sensory system and the motor system
in the assessment and treatment of dysphagia.

COMPARISON BETWEEN FLUOROSCOPY AND ENDOSCOPY

RELIABILITY AND VALIDITY

Several investigators have sought to examine the relative merits of fluoroscopy over
endoscopy (Bastian, 1991; Wu et al., 1997). Langmore et al. (1991) reported very
high rates of agreement for endoscopy to ascertain tracheal aspiration, laryngeal
penetration and pharyngeal residue. They concluded that FEES proved to be a sen-
sitive tool for identifying abnormal findings, including aspiration. Similarly high
results were also reported by Wu et al. (1997) for pooling in the pharynx, laryngeal
penetration and tracheal aspiration. Leder et al. (1998) reported agreement on 96%
of subjects based on MBS and FEES assessments. It has also been noted that endos-
copy is able to identify laryngeal penetration which has been misidentified as residue
using fluoroscopy (Langmore, 2004). In summary, neither procedure is 100% accu-
rate. For this reason, we agree with Doggett et al. (2002), Hiss and Postma (2003),
and Rao et al. (2003) that neither fluoroscopy nor the FEES procedure should be
labelled as the ‘gold standard’ unless they are compared to a less sensitive procedure
such as a clinical examination.

The best reports of clinician reliability for interpretation of videofluoroscopy stud-
ies have been related to Rosenbek’s eight-point penetration/aspiration scale (Rosen-
bek et al., 1996; see also Chapter 16). This is a multidimensional scale examining
depth of bolus invasion into the airway and the patient’s response to the bolus. It has
also been applied to endoscopy with good effect, showing high interrater reliability
(Colodny, 2002). Colodny (2002) notes, however, that FEES shows superiority in the
diagnosis of penetration relative to aspiration but may not be as reliable as MBS in
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Table 8.3 Penetration-Aspiration Scale Multidimensional depth of airway invasion and
residue, single-digit scoring system for the Penetration-Aspiration Scale (Robbins, Coyle,
Rosenbek, Roecker and Wood, 1999)

Category Score Description

No penetration or aspiration 1 Contrast does not enter the airway

P 2 Contrast enters the airway, remains

E above the cords, no residue

N

E

T 3 Contrast remains above vocal

R folds, visible residue remains

A

T 4 Contrast contacts vocal folds, no

I residue

(6]

N 5 Contrast contacts vocal folds,
visible residue remains

A 6 Contrast passes glottis, no sub-

S glottic residue visible

f 7 Contrast passes glottis, visible

R sub-glottic residue despite patient’s

A response

T 8 Contrast passes glottis, visible

I sub-glottic residue, absent patient

O response

N

determining the degree of aspiration (scale points 6, 7, and 8). The scale is shown in
Table 8.3. FEES is, however, accurate in distinguishing penetration from aspiration
(Colodny, 2002). As noted in Table 8.1, both endoscopy and MBS provide the clini-
cian with observed findings and inferred findings. The observed endoscopic findings
have been reported to provide the best correlations between fluoroscopic findings
and endoscopic findings. Inferred endoscopic findings have been reported to have a
weak relationship with videofluoroscopy findings (Crary and Baron, 1997).

DECISION MAKING — WHICH IMAGING TECHNIQUE SHOULD THE
CLINICIAN USE?

When choosing which examination to use, the clinician must decide on the reason
for doing the examination and the view that will provide them with the most use-
ful data for that particular patient. If the patient presents with an unknown medical
aetiology, then a fluoroscopic evaluation of swallowing will provide a comprehen-
sive view of the entire physiology of the swallow (oral, pharyngeal and oesophageal
phases) and may be more likely to identify the problem. Fluoroscopy is also the tool
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of choice for views of the oral phase and oesophageal phase. Complaints that may be
related to cricopharyngeal function (e.g. globus or reflux) may also be better viewed
using x-ray. Fibre- endoscopic evaluation of swallowing may be the preferred as-
sessment for practical reasons such as eliminating radiation exposure, inability to
move the patient to radiology, and difficulties with correctly positioning the patient
for fluoroscopy. Clinically the endoscopic evaluation may be preferable when the
clinician wishes to view the larynx, or view evidence of swallow-respiratory coor-
dination. Secretion management is also best visualized using endoscopy. As noted
above, laryngopharyngeal sensation can also be assessed endoscopically and is not
afforded fluoroscopically. Langmore (2004) suggests that if the first examination
(either endoscopy or fluoroscopy) fails to provide answers to the clinical questions,
then the other procedure should be employed.

ENDOSCOPY AND THE PAEDIATRIC POPULATION

Note also that endoscopy is applicable to the paediatric population and also indi-
viduals with severe disability. The clinician should be mindful to explain the pro-
cedure as carefully as possible at a level that the patient can comprehend. Active
participation in the procedure where possible and having some degree of control
during the procedure (e.g. assisting in choosing food or cup) have both been found
to enhance patient compliance and comfort (Migliore et al., 1999). Migliore et al.
(1999) provided a useful discussion of ways to ensure an examination that is success-
ful both for the information that it provides as well as the comfort of the patient with
special needs. Leder et al. (2000) investigated a small paediatric sample (n = 7; aged
11 days to 20 years) with both videofluoroscopy and FEES assessments. They found
100% agreement in a blinded diagnostic result and also subsequent feeding recom-
mendations. Thompson (2003) used sensory assessment in a paediatric population
and found that children with a high laryngopharyngeal sensory threshold had higher
incidence of recurrent pneumonia. In addition, children with gastroesophageal re-
flux (GER) had higher laryngopharyngeal sensory thresholds than children without
reflux. Responses to calibrations of greater than 4.5mmHg were associated with
laryngeal penetration/aspiration, pooled hypopharyngeal secretions, and a history
of pneumonia, neurological disease and GER.

The MBS and endoscopy provide the two most commonly used instrumental as-
sessments for evaluating swallowing function. Two other instrumental techniques
have been reported in the literature: ultrasound and nuclear scintigraphy. They are not
often used clinically and are included in this chapter for the sake of completeness.

ULTRASOUND

Ultrasound is a technique that visualizes the oral cavity and hypopharynx during
swallowing, using a transducer placed submentally below the chin to obtain an im-
age. Ultrasound is defined as ‘the imaging of deep structures of the body by recording
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the echoes of pulses of 1-10 megahertz ultrasound reflected by tissue planes where
there is a change in density’ (Dorland, 1982: 703). Sonies et al. (2003) reported a
sound wave range of 1-40 MHz for medical imaging. Any commercial ultrasound
real-time sector or phased-array system can be used, and the equipment and neces-
sary expertise are available in most hospitals and radiology services. The information
is transmitted to a monitor where the image is updated many times per second. The
image represents a single 2D plane at any one time, although multiple views can be
used (e.g. Saggital, coronal or transverse views). The physics of sound travel proves
a limitation to the ultrasound technique. While sounds travel well through fluids and
soft tissues, it does not travel well through fat, due to its complex tissue structure. This
limits the type of client with whom ultrasound swallowing assessment can be used.

Ultrasound can be used to evaluate the salivary glands, the tongue, soft palate and
floor of the mouth (Sonies et al., 2003). In addition, no contrast agents are required
for ultrasound assessments of swallowing. The procedure is safe and comfortable for
the patient and, like FEES, repeated studies can be done at will. Patients can be stud-
ied when awake or asleep (Sonies et al., 2003). By way of swallowing applications,
ultrasound can be used to assess the oral preparation phase and oropharyngeal trans-
port phase of swallowing, including epiglottic deflection. Infants can be evaluated
suckling or bottle feeding, which may be useful in comparing function in these two
scenarios. Similarly, comparison between nutritive and non-nutritive sucking can
also be afforded using ultrasound. Tongue-to-hyoid approximation can be viewed
and the movement of the pharyngeal walls can also be visualized. Movement of
the vocal folds can be ascertained for symmetry, and residue in the valleculae or
vestibule can also be determined. However, another limitation of the technique is
that sound will not pass through bone or air. It will be completely reflected (Benson
and Tuchman, 1994). Therefore, the trachea cannot be visualized as it is an air-filled
space and thus ultrasound is unable to detect penetration or aspiration of contents
into the trachea. It can, however, detect pooling of secretions and residue in the val-
leculae (Sonies et al., 2003). These factors limit its use in characterization of the
pharyngeal phase of the swallow; however, the oral cavity is well visualized during
ultrasound. One disadvantage, however, is that the hard palate, because it is a bony
structure, cannot be visualized, making it difficult to judge glossopalatal function
and adequacy. Ultrasound of swallowing is conducted by an experienced speech
pathologist and an ultrasound technician.

NUCLEAR SCINTIGRAPHY

Nuclear scintigraphy uses radionuclide scanning during the ingestion of a radioactive
bolus (usually Technetium-99m) to track the bolus as it passes from the oropharynx
to the oesophagus (Sonies and Baum, 1988; Silver et al., 1991; Sonies, 1991; Silver
and Van Nostrand, 1994). The radiopharmaceutical is not absorbed after ingestion,
nor does it become attached to the gastrointestinal mucosa (Benson and Tuchman,
1994). Scintigraphy is an expensive, dynamic assessment of swallowing, requiring
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a gamma scintillation camera, a low-energy collimater and a dedicated computer
(Sonies and Baum, 1988). Nuclear scintigraphy is conducted by a medical officer
trained in nuclear medicine imaging techniques.

It is predominantly a research tool and for the most part has been used in the as-
sessment of gastrointestinal reflux (Silver et al., 1991). Measures such as pharyngeal
transit time, number of swallows required to clear pharyngeal residue and regurgita-
tion can be obtained. Although scintigraphy is said to offer precise quantification of
bolus volume in any area at a particular time or over time (Humphreys et al., 1987;
Hamlet et al., 1989) there is much debate in the literature as to the tool’s ability
to detect and quantify aspiration (Sonies and Baum, 1988; Benson and Tuchman,
1994). Silver et al. (1991) and Silver and Van Nostrand (1994) describe that during
an assessment of oropharyngeal swallowing using nuclear scintigraphy, the patient
is required to ingest approximately 100 cc of a fluid treated with the radionuclide.
The technique requires the patient to remain stationary throughout the assessment.
Dynamic images are acquired as the patient swallows the entire 100 cc solution (not
piecemeal). Static images are then acquired after the patient has rinsed the oral cav-
ity and ingested a further 50 ml of water to clear the oesophagus. Antero-posterior
images are captured at set times post ingestion (e.g., 3, 5 and 24 hours after the
assessment).

It should also be noted that nuclear scintigraphy provides a digitized configura-
tion of the flow of the bolus, not a representation of the person’s anatomy (Sonies
and Baum, 1988; Sonies, 1991; Benson and Tuchman, 1994). It does have certain
advantages, these being (a) that radiation exposure is greatly reduced, and (b) the
amount of liquid aspirated and rate of clearance from the pulmonary system is
measurable in a semi-quantitative manner. There are, however, certain disadvan-
tages that raise serious questions about its practical viability as an assessment of
dysphagia.

« It is not possible to image in the lateral plane. Imaging in the AP plane means that
the trachea cannot be distinguished from the oesophagus — negating the possibility
of diagnosing laryngotracheal aspiration.

e The patient is required to remain perfectly still and to swallow without coughing
or spilling the liquid.

e There is poor image resolution when compared to the MBS.

» The technique requires expensive equipment, and increased time demands are
made on the patient and medical radiation staff for repeated imaging throughout
the day.

e Few allowances are made for differing body density measurements and attenua-
tion of body tissue.

SUMMARY

The discussions above highlight the complimentary use of imaging techniques for
dysphagia assessment. The techniques described in this chapter provide the clinician
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with additional information with which to guide clinical management of the pa-
tient. The chapter highlighted the inherent difficulties in each of the assessment
tools, showing that there is no one tool that is perfect for every dysphagia assess-
ment. Finally, further research remains to be done to determine minimum training
requirements for competency in carrying out and interpreting the procedures de-
scribed in this chapter.
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APPENDIX 8.1: THE FEES PROTOCOL, REVISED

FEES® EXAMINATION PROTOCOL
Susan E. Langmore, Ph.D. (2004)
Patient Name: Date:
Examiner:

I. ANATOMIC-PHYSIOLOGIC ASSESSMENT
A. Velopharyngeal Closure
Task: Say “ee”, “ss”, other oral sounds; alternate oral & nasal sounds (“duh-
nuh”)Task: Dry swallow
Optional task: Swallow liquids and look for nasal leakage
B. Appearance of Hypopharynx and Larynx at Rest
Scan around entire HP to note symmetry and abnormalities that impact swallowing
and might require referral to otolaryngology or other specialty.
Optional task: Hold your breath and blow out cheeks forcefully (pyriform sinuses)
C. Handling of Secretions and Swallow Frequency
Observe amount and location of secretions and frequency of dry swallows over a
period of at least 2 minutes.
Task: If no spontaneous swallowing noted, cue the patient to swallow
Go to Ice Chip Protocol if secretions in laryngeal vestibule or if no ability to swal-
low saliva.
D. Base of Tongue & Pharyngeal Muscles
1. Base of Tongue:
Task: Say “earl, ball, call” or other post-vocalic — ‘I" words
2. Pharyngeal Wall Medialization
Task: Screech; hold a high pitched, strained ‘ee’
(Task: see laryngeal elevation task below)
E. Laryngeal Function
1. Respiration
Observe larynx during rest breathing (respiratory rate; adduction/abduction)
Tasks: Sniff, pant, or alternate “ee” with light inhalation (abduction)
Phonation
Task: Hold “ee” (glottic closure)
Task: Repeat “hee-hee-hee” 5-7 times (symmetry, precision)
Elevation
Glide upward in pitch until strained; hold it (pharyngeal walls also recruited)
Airway Protection
Task: Hold your breath lightly (true vocal folds)
Task: Hold your breath very tightly (ventricular folds; arytenoids)
Task: Hold your breath to the count of 7
Optional: Cough, clear throat, Valsalva maneuver
F. Sensory Testing
Note response to presence of scope
Optional task: Lightly touch tongue, pharyngeal walls, epiglottis, AE folds
Optional task: Perform formal sensory testing with air pulse stimulator
“*Note: Additional information about sensation will be obtained in Part IT and for-
mal testing can be deferred until the end of the examination if desired.
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II. SWALLOWING OF FOOD & LIQUID. All foods/liquids dyed green or blue with food
coloring.
Consistencies to try will vary depending on patient needs and problems observed.
Suggested consistencies to try:

« Ice chips — usually 1/3 to 1/2 teaspoon, dyed green

* Thin liquids — milk, juice, formula. Milk or other light-colored thin liquid is
recommended for visibility. Barium liquid is excellent to detect aspiration,
but retract the scope to prevent gunking during the swallow.

Thick liquids — nectar or honey consistency; milkshakes

» Puree

Semi-solid food — mashed potato, banana, pasta

Soft solid food (requires some chewing) — bread & cheese, soft cookie, cas-
serole, meat loaf, vegetables

» Hard, chewy, crunchy food — meat, raw fruit, green salad

» Mixed consistencies — soup with food bits, cereal with milk

Amounts/Bolus Sizes
If measured bolus sizes are given, a rule of thumb that applies to many patients
is to increase the bolus size with each presentation until penetration or aspiration
is seen. When that occurs, repeat the same bolus size to determine if this pattern is
consistent. If penetration/aspiration occurs again, do not continue with that bolus
amount. The following progression of bolus volumes are suggested:

<5 cc if pt is medically fragile and/or pulmonary clearance is poor

5 cc (1 teaspoon)

10 cc

15 cc (1 tablespoon)

20 cc (heaping tablespoon, delivered)

Single swallow from cup or straw — monitored

Single swallow from cup or straw — self-presented

Free consecutive swallows — self-presented

Feed self food at own rate

The FEESR Ice Chip Protocol
Part I: Emphasize anatomy, secretions, laryngeal competence, sensation
- Note spontaneous swallows, cued swallow
Part II: Deliver ice chips
- Note effect on swallowing, effect on secretions, cough if aspirated
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9 Conditions Commonly Associated
with Dysphagia

JULIE CICHERO

CAUSES OF SWALLOWING IMPAIRMENT

Dysphagia is now recognised as a disease. It is also a symptom that is associated
with many different types of disorders and diseases. It is not possible to arrange the
causes of swallowing impairment into neat groups and classifications because of
the extensive overlap among and between those disorders. Impairments fall into the
broad classifications of conditions associated with:

* stroke;

« neurological medicine;
e burns;

« palliative medicine;
« infectious diseases;

« gastroenterology;

e trauma;

* respiratory medicine;
* surgery;

« general medicine;

* psychiatric medicine;
* tracheostomy; and

» medications.

The overlap will become clear as the various disorders are described. Normal age-
ing also impairs a variety of neural and muscular processes; however, ageing in
and of itself does not cause dysphagia. Age-related changes that occur with swal-
lowing were detailed in Chapter 2. Note, however, that the ageing process may ex-
acerbate a dysphagia caused by a disease. This chapter provides detailed medical
information pertaining to the various causes of swallowing impairment. There are
tables throughout the chapter to highlight the specific swallowing characteristics
associated with different disorders. Mealtimes are a social event, and the inability
to participate affects our mental wellbeing (Nguyen et al., 2005). Where appropriate
the nutritional and psychological effects of dysphagia are also discussed. It is also
noteworthy that the WHO also recognise dysphagia as a disability.

Dysphagia: Foundation, Theory and Practice. Edited by J. Cichero and B. Murdoch
© 2006 John Wiley & Sons, Ltd.
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STROKE

Stroke, also referred to as a cerebrovascular accident (CVA), has an annual inci-
dence of 280 in 100,000. Stroke is characterized by a sudden onset and signs and
symptoms that are focal and last longer than 24 hours. Transient ischaemic attacks
(TTA) on the other hand, usually resolve within an hour, and have an annual inci-
dence of approximately 35 in 100,000 (Counihan, 2004). Strokes are classified as
either ischaemic or haemorrhagic. Ischaemic strokes account for 85% of all strokes
and are often caused by emboli. Intracerebral haemorrhage is usually caused by rup-
ture of a deep penetrating artery within the brain and is often related to hypertension
(Counihan, 2004). Haemorrhage may also arise from the rupture of a cerebral aneu-
rysm of arteriovenous malformation (AVM). Computerized tomography scanning,
rather than clinical assessment, differentiates between ischaemic and haemorrhagic
strokes. Forty per cent of individuals who have an ischaemic stroke are likely to die
within the first 30 days (Macleod and Mumford, 2004). Intracranial haemorrhages
account for 15% of all strokes. If severe, the individual may be comatose; if mild
there may be focal neurological deficits that are usually indistinguishable from cer-
ebral infarction. The prognosis for haemorrhagic stroke is that 30% to 50% will die
within the first 30 days (Macleod and Mumford, 2004). Lacunar strokes are another
type of stroke. These are small deep infarctions involving a penetrating branch of a
large cerebral artery. These types of stroke are usually associated with chronic hy-
pertension, with the most common clinical symptom being pure motor hemiparesis
(Counihan, 2004). Strokes can be unilateral, bilateral, singular or multiple.

Stroke most commonly affects individuals over 50 years of age (Macleod and
Mumford, 2004). The neurological signs of stroke include: hemiplegia, hemianopia,
aphasia (if left hemisphere involvement), visuospatial disorder (if the right hemi-
sphere is involved), agnosia (visual, auditory, olfactory, etc., depending on site of
lesion), unilateral neglect, and apraxia (limb, oral, speech). Impulsivity may also be
a feature. Complications from stroke include: dysphagia, aspiration, shoulder sub-
luxation, deep-vein thrombosis, hemiparesis, pneumonia, depression, apathy, fatigue
and emotional lability. Emotional lability is an increase in the frequency of crying
or laughing, often starting with little or no warning. It is a frequent presentation in
acute stroke and reduces over the following month to 6 months.

Ischaemic strokes where dysphagia has been implicated include among the clini-
cal manifestations those that involve:

« the vertebral arteries, and posterior inferior cerebellar arteries; and
« the basilar artery.

Strokes involving these arterial systems may contribute to dysphagia by the effects on
the lateral medulla, the brain stem, cerebellum, internal capsule and pons. Lesions to
non-capsular pathways such as the hypothalamus, the limbic system and basal ganglia,
frontal cortex and corticobulbar tracts may result in dysphagia (Gordon et al., 1987).
Where the vertebral arteries or posterior inferio-cerebellar arteries are affected, in ad-
dition to dysphagia, the individual may present with ipsilateral facial sensory loss and
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contralateral loss of temperature or pain sensation, in addition to other clinical signs.
Basilar artery occlusion causes massive brain stem dysfunction and is often fatal. If the
medulla is spared, the individual may present with ‘locked-in syndrome’. In this condi-
tion, individuals are quadriplegic and can only communicate by means of eye move-
ment (Counihan, 2004). Brin and Younger (1988) reported that factors that adversely
affect prognosis in the first week post stroke also increase the risk of aspiration.

Oropharyngeal dysphagia occurs in up to a third of patients presenting with uni-
lateral hemiplegic stroke (Hamdy et al., 1997). Paciaroni et al. (2004) reported that
34.7% of 406 patients with stroke presented with dysphagia. Dysphagia was also
found to be more frequent in individuals with haemorrhagic stroke. Dysphagia was
also significantly related to the outcomes of death and disability. Five-year mor-
tality rates of approximately 20% have been reported to be related to aspiration
pneumonia (Iwamoto et al., 2005). Recent research indicates that swallowing has
representation on the motor and premotor cortexes of both hemispheres, but dis-
plays interhemispheric asymmetry that is independent of handedness (Hamdy and
Rothwell, 1988; Hamdy et al., 1996). This means that for some people the right
hemisphere is ‘dominant’ for swallowing while for others it is the left, irrespective of
their dominant hand. This may well explain why two individuals may have a stroke
in the same region, and one will present with dysphagia, whereas the other may not.
Paciaroni et al. (2004) found that lesion size rather than lesion location was most
important in dysphagia presentation. Anterior lesions and subcortical periventricu-
lar white matter sites are more associated with risk of aspiration than posterior sites
or lesions to the subcortical grey matter structures (Daniels and Foundas, 1999). In
cortical stroke, the middle cerebral artery is most likely to be responsible for dys-
phagia (Paciaroni et al., 2004). The most common dysphagic symptoms secondary
to stroke include:

 delayed or absent swallow reflex;

« decreased control of the tongue;

« reduced pharyngeal contraction; and

 reduced hyolaryngeal excursion (Veis and Logemann, 1985; Gordon et al., 1987;
Logemann, 1996).

These symptoms usually occur in combination. The symptoms contribute to post-
stroke aspiration in 40% of cases (Gordon et al., 1987). Nilsson et al. (1996) reported
that in the initial stages of recovery, pharyngeal function was more disturbed than
oral function. Smithard et al. (1997) have noted that swallowing function fluctuates
over time. For example, although many swallowing problems resolve over the first
week, within a 6-month period 6% to 8% of the population will have persistent prob-
lems, with 2% to 3% developing swallowing problems 6 months post onset.

CORTICAL AND SUBCORTICAL STROKES AND DYSPHAGIA

Higher incidences of aspiration have been noted in individuals following a right-
sided stroke (Horner, 1988; Robbins et al., 1993). Robbins and Levine (1988) broadly
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differentiated right- and left-sided stroke dysphagia. They found that individuals
post right-sided stroke had more pharyngeal stage difficulties, whereas the left-sided
group experienced more difficulties in the oral phase (often motility related). Left-
sided strokes may also feature apraxia. Apraxia is an inability to perform skilled
acts of movements that cannot be accounted for by weakness, sensory loss, inco-
ordination, inattention and perceptual or comprehension impairment (Carota et al.,
2003). In swallowing apraxia, there is difficulty initiating the swallow, sometimes
with searching movements of the tongue prior to swallow initiation (Logemann,
1998). The differences for dysphagia between left- and right-hemispheric strokes
are small and most probably due to the fact that swallowing is mediated by both
cerebral hemispheres with descending input to the medulla. Recent research shows
that recovery of swallowing after stroke is associated with increased pharyngeal
representation in the unaffected hemisphere (Hamdy et al., 1998). This suggests
cortical plasticity with reorganization of the intact hemisphere during recovery of
swallowing function. Individuals presenting with a subcortical stroke (for example,
a stroke affecting the basal ganglia) may demonstrate delays in the oral and pharyn-
geal phases of swallowing due to the affects of the subcortical structures on motor as
well as sensory pathways to and from the cortex. (Logemann, 1998).

BRAIN STEM STROKES AND DYSPHAGIA

The brain stem can be affected by stroke in the medullary region or the pontine
region. The medullary region houses the nuclei critical to swallowing coordination
and organization (nucleus of the tractus solitarious and the nucleus ambiguous).
These nuclei receive the incoming sensory information and plan the motor response.
A stroke in this region may result in near normal oral control but significant difficul-
ties in the organization of the pharyngeal phase of the swallow (Logemann, 1998).
With the pharyngeal phase affected, deficits are seen in bolus propulsion through
the pharynx, reduction in hyolaryngeal excursion and consequently pooling in the
pharynx after the swallow (valleculae and pyriform sinuses). Movement of the vo-
cal folds may also be affected due to its nerve supply. Patients may spontaneously
apply manoeuvres such as the effortful swallow in an attempt to move the bolus out
of the oral cavity and through the pharynx. Clinicians should also be aware that the
respiratory centres are housed in this medullary region. Lack of swallow-respiratory
coordination could well be anticipated. Logemann (1998) reported that dysphagia
is quite severe in the first 1 to 2 weeks after a medullary stroke. Often patients
are reported to have a functional swallow at 3 weeks after the stroke; however, for
those where dysphagia remains, the recovery period may be up to 6 months after the
stroke.

Pontine strokes, which are also in the brain stem, but higher than the medulla,
may cause spasticity of the pharyngeal musculature. The spasticity will affect
the promptness of triggering a swallow reflex, and efficiency in moving the bolus
through the pharynx. Consequently, pharyngeal stage pooling will also be a feature
of these strokes. Logemann (1998) reported that recovery of swallowing function
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Table 9.1 Dysphagia characteristics associated with stroke

CVA type Oropharygeal presentations Other

Cortical

Left * Maybe ‘swallowing apraxia’ e Dys/aphasia
* Oral stage disorders * Dysarthria

Right * Pharyngeal stage disorder e Verbose

* Hemi-inattention
« lattention
« lnew learning

Subcortical e Oral phase disorder
(Basal ganglia) * Pharyngeal phase disorder
Brainstem * Delayed swallow reflex

Medulla (lower brainstem)
» Pharyngeal phase dysfunction
Pontine * Slow recovery e Muscle spasticity
(pharynx)
Multiple strokes * More significant problems
* + slow oral transit
Severe delays in triggering
swallow reflex
lability to protect airway
o llaryngeal excursion
Tlikelihood of residue in
pharynx post swallow

after a pontine stroke is often slow and difficult. Treatment should focus on reducing
muscle tone prior to swallowing therapy. A summary of the presenting post-stroke
dysphagia characteristics can be seen in Table 9.1.

NUTRITION AND STROKE

There are a number of factors specifically associated with stroke that will affect nu-
tritional status. After acute stroke, the prevalence of malnutrition has been reported
to increase from about 16% on admission to between 22% and 35% at 2 weeks.
Factors contributing to difficulty eating and nutritional deficits post stroke are the
following (adapted from Finestone and Greene-Finestone, 2003):

« dysphagia;

« factors affecting ability to self-feed (e.g. paralysis, apraxia, perceptual deficits);

« cognitive changes affecting behaviour (attention, concentration, eating too fast or
too slowly, forgetting to swallow, inappropriately long chewing time);

« visual neglect;

« disturbance of sensory function;

* depression;

* agnosis.
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One of the difficulties with providing adequate nutrition to the stroke population,
and many others, is compliance with the texture-modified diet. Perry (2004) has
described a reduced energy intake that is associated with modified diets. Six months
after a stroke, individuals with dysphagia and communication impairment presented
with significant energy and protein deficits, high levels of eating-related disability
and nutritional risk. Research is also under way to ensure that the texture-modified
diets are nutrient dense, flavoursome and appealing. Risk of dehydration is also high
amongst stroke survivors. There is a compliance issue with thickened fluids. In a
very small study, Garon et al. (1997) found that if individuals known to aspirate were
given access to unlimited water in addition to thickened fluids, their daily combined
hydration input was better than if only thickened fluids were provided. Neither group
presented with adverse respiratory conditions during the trial or for 30 days after the
trial. Interestingly the group that received the combination of thickened fluids and
water were discharged earlier than the individuals who received only thickened flu-
ids. Note also that fluid requirements need to take into account the individual’s age,
disease, medical treatment and conditions associated with body fluid loss (e.g. drool-
ing, fever, diarrhoea, vomiting, etc.). Perry (2004) reported a high incidence (80%)
of non-oral feeding in the first week after the stroke where communication impair-
ment was also implicated. This gradually decreased to about 11% remaining non-oral
6 months after the stroke. Independence in feeding reached a high of only 39% 6
months after the stroke, with 50% of the population requiring continued assistance.

CLINICAL INFERENCES

The clinician needs to be aware of the confounding problem of fatigue associated
with stroke. It is reported in up to 70% of patients, even a considerable time after
stroke (Carota et al., 2003). Fatigue and depression can have an impact on cognitive,
physical and social functioning, which will affect their success with rehabilitation.
Note that, with right-sided stroke, the following additional features need to be taken
into account:

e impulsivity;

* verbosity;

« left-sided neglect; and

¢ cognitive impairment such as poor attention and concentration.

Impulsivity during eating may be observed as the patient continually fills the
oral cavity without necessarily swallowing the previous bolus. Verbosity may be-
come problematic at meal times due to the inclination to continue speaking while
attempting to chew the bolus and/or swallow. This pattern then places them at higher
risk of aspiration. Left neglect may increase the likelihood of left-sided oral cav-
ity pooling which the patient may not be aware of. Impaired cognitive skills (poor
attention or concentration) may affect any individual with stroke, regardless of side
of lesion. Cognitive deficits make it difficult or even impossible for the patient to
learn compensatory manoeuvres or strategies. Consequently, it may not be feasible
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to teach stroke patients with poor cognitive skills compensatory manoeuvres as they
may not action them with each and every swallow. As noted above, individuals with
left-sided stroke may present with apraxia (swallowing apraxia or oral apraxia). Pa-
tients with swallowing apraxia tend to do better if able to self-feed, rather than with
verbal commands to swallow (Logemann, 1998).

It is also important for the clinician to be aware that most stroke patients with
dysphagia will rarely perceive that they have a swallowing problem (Parker et al.,
2004). Individuals with a good awareness of the clinical indicators of dysphagia (e.g.
wet voice, post-swallow cough, etc.) tend to consume smaller quantities than indi-
viduals without that awareness (6 ml rather than 10ml) and drink at a slower speed
(1 ml/s rather than 5ml/s). Patients with a poor awareness of the clinical indicators
of dysphagia are more likely to present with complications even several months post
stroke (Parker et al., 2004).

NEUROLOGICAL MEDICINE

CRANIAL NERVE LESIONS

Macleod and Mumford (2004) have identified a number of cranial nerve lesions
that may precipitate dysphagia. The ones most salient to swallowing are included in
Table 9.2. Cranial nerve deficits may arise from compression of the cranial nerves,
poor vascular supply or from inflammation. Dysphagia is most likely to be affected
by compression or inflammation of the cranial nerves.

Compression

Acoustic neuromas that spread from the internal auditory meatus may involve com-
pression of the facial (VII) and trigeminal (V) nerves. Note also that deafness is
likely due to involvement of the auditory nerve (VIII). The reader is referred to
Chapter 1 for the specific functions of these nerves. In brief, these nerves are critical
for the oral preparatory phase of swallowing and the sensation of taste. The potential
for dysphagia will be affected by the degree of nerve compression.

Inflammation

Bell’s palsy is an example of a benign isolated lower motor neurone facial weakness.
Its cause is unknown and all facial muscles on the side affected by the inflammation
are affected. It may be associated with changes to perception of taste, dysarthria, and
slow oral preparation of food, depending on the individual’s compensatory abilities.
Individuals will need to be aware of the potential for pocketing of food in the lateral
sulcus of the side affected. The person may also encounter injury to the buccal mu-
cosa during mastication. In the region of 60% to 80% of patients with Bell’s palsy
recover completely, especially if the palsy is incomplete. A palsy that does not begin
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Table 9.2 Cranial nerve lesions that have implications for swallowing

Cranial nerve

Site of damage or disease

Implication for swallowing

CNI - olfactory

CN V —trigeminal

CN VII — facial

CNIX

CN X

Local damage to nasal mucosa
(smoking, nasal obstruction from
infection or polyps).

Olfactor nerve damage — head
injury = bilateral loss, subfrontal
meningioma (unilateral loss).
Note olfactory N damage is rare.
Lower two divisions — tumour in
the nasopharynx.

All three divisions

— pontine lesions (e.g. tumour,
haemorrhage, infarct).
Unilateral, LMN facial weakness
— idiopathic (Bell’s palsy);
Herpes zoster; diabetes mellitus;
sarcoidosis; Lyme disease;
fracture of the petrous temporal
bone; acoustic neuroma; middle
ear infection; large parotid
gland; benign or malignant
tumours.

Bilateral LMN facial weakness
— Guillain-Baree syndrome;
myasthenia gravis; myopathy
(especially myotnic dystrophy);
Lyme disease.

UMN facial weakness

— contralateral hemisphere stroke
or tumour; multiple sclerosis.
Tumour or vascular lesion of the
medulla.

Acoustic neuroma.
Syringobulbia.

Motor neurone disease.
Demyelination.

Lesions of the jugular foramen.
Lesions of the retropharyngeal
or retroparotic space (e.g.
nasopharyngeal carcinoma).
Tumour or vascular lesion of the
medulla.

Syringobulbia.

MND.

Demyelination.

Basal meningitis.

Tumour in or surgery to the chest
affecting the recurrent laryngeal
nerve.

Reduced ability to smell

foods and fluids and reduced
appreciation of flavour. May
impact upon hunger levels and
amount of oral intake.

Impairments relating to
mastication.

Impairment relating to abilty
to retain food within the oral
cavity (e.g. deficient lip seal).
Possibility of food pocketing
in the buccal cavities.

Cranial nerves IX and

X together may show
impairments related to the soft
palate, pharynx, and larynx.
Ability to seal the nasal cavity
during swallowing may be
affected, poor pharyngeal
clearance may result and poor
airway protection may ensue.
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Cranial nerve Site of damage or disease Implication for swallowing
CN XIT e Brainstem tumours. Deficits relating to tongue
* Vascular damage. function are implicated. For
* Basal meningitis. example, ability to contain
¢ Tumours of the base of skull. and control the bolus within
* Carotid dissection following the oral cavity, and to initiate
carotid endarterectomy. the swallow reflex.

¢ Motor neurone disease (in this
case the lesion is bilateral LMIN).

Source: adapted from Macleod and Mumford (2004).

to recover in the first 8§ weeks shows a poorer prognosis. Age is also an adverse prog-
nostic indicator (Bateman, 1992).

BULBAR AND PSEUDOBULBAR PALSY

Briefly, upper motor neurone lesions refer to lesions that have interrupted the neural
pathway above the anterior horn cell (e.g. motor pathways in the cerebral cortex,
internal capsule, cerebral peduncles, brain stem or spinal cord). Muscle wasting is
slight or absent, and spasticity is often a feature. Lower motor neurone lesions inter-
rupt either motor cranial nerves or spinal nerves and cause muscle wasting, reduced
or absent reflexes and sometimes fasciculations (Talley and O’Connor, 2001). Defi-
cits of the lower motor neurones can result in dysarthria, dysphagia, choking and
hoarseness. Bulbar palsy may be a feature of a tumour in the medulla, myasthenia
gravis, syringobulbia and of inflammation of the basal meninges (e.g. tuberculosis
meningitis, sarcoidosis) and others (Macleod and Mumford, 2004). Tongue involve-
ment in a bulbar palsy will show signs of muscle wasting and possibly fasciculations.
Facial musculature on the affected side is weak, including eyelid closure. This is a
critical distinguishing factor between lower and upper motor neurone palsies. The
muscles of the forehead have bilateral cortical innervation, which explains why the
upper part of the face is spared in upper motor neurone lesions. Where lower mo-
tor neurones are affected, disorders of taste, lacrimation and salivation may occur
(Bateman, 1992). Upper motor neurone lesions will show affected facial muscula-
ture, but relative sparing of eyelid closure on the affected side. Pseudobulbar palsy
on the other hand is caused by bilateral upper motor neurone lesions and is char-
acterized by stiff, slow tongue movement without tongue wasting, nasality of voice,
brisk jaw jerk and emotional lability. It may be a feature of stroke, motor neurone
disease and multiple sclerosis (Macleod and Mumford, 2004).

MYASTHENIA GRAVIS

Myasthenia gravis is a neuromuscular disorder and autoimmune disease character-
ized by weakness and fatiguability of the voluntary muscles. It has a prevalence of
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10 in 100,000 (Macleod and Mumford, 2004). Weakness is exacerbated by effort
and improved by rest. The condition may be worsened by extremes of temperature,
viral or other infections and even excitement (Griggs, 2004a).

Myasthenia gravis affects, in order of decreasing frequency, the ocular, bulbar,
neck, limb girdle, distal limb and trunk muscles (Hillman and Bishop, 2004). Pa-
tients complain of weakness, double vision, drooping eyelids, dysphonia, and dys-
phagia that worsens as the day progresses (Haider-Ali et al., 1998; Macleod and
Mumford, 2004). Loss of facial expression, jaw drop, nasal regurgitation of fluids,
choking on foods and secretions, dysarthria and nasal sounding speech have also
been reported to be symptoms associated with myasthenia gravis (Griggs, 2004b).
In an acute presentation dysphagia should be managed immediately. If respira-
tory function has been affected, the clinician should be cognizant of the impact of
impaired respiration on swallowing and vice versa (see also Chapter 4). Ventila-
tory failure is attributed to involvement of the diaphragm and intercostals muscles
(Haider-Ali et al., 1998). Upper oesophageal sphincter resting pressure is generally
lower in individuals with myasthenia gravis (Haider-Ali et al., 1998). One of the
drugs used to treat myasthenia gravis (pyridostigmine) has a side effect of increasing
salivary secretions. If the individual presents with dysphagia, the clinician should
be aware of this side effect and assist the patient in management of salivary secre-
tions (see Chapter 6). Note also that compensatory strategies are recommended as
rehabilitation exercises may serve only to exacerbate fatigue. On videofluoroscopy
assessment, the clinician may choose to examine the patient initially, then have
them eat ‘off-line’ for 15-20 minutes and then re-assess radiographically to view the
effects of fatigue on swallowing (Logemann, 1998).

GUILLAIN-BARRE SYNDROME

Guillain-Barre syndrome is the most common acute neuropathy, affecting 2 per
100,000, with peaks in adolescence and the elderly (Hillman and Bishop, 2004;
Macleod and Mumford, 2004). It begins a few days after an acute infection by an an-
tibody-mediated attack on the peripheral nerves (Hillman and Bishop, 2004). Weak-
ness may progress rapidly to complete flaccid quadriparesis with involvement of the
respiratory muscles and cranial nerves. Some patients may have a prolonged period
of paralysis requiring ventilation. Respiratory difficulties, dysphagia and autonomic
dysregulation can be life threatening (Griggs, 2004a). Two-thirds will eventually
recover completely, most within 6 months. In addition, 70% of patients are at their
worst by 2 weeks (Hillman and Bishop, 2004). However, mortality occurs in ap-
proximately 8% of cases via respiratory failure or pulmonary embolism (Macleod
and Mumford, 2004). Permanent disabling weakness or severe neurological deficits
occur in approximately 5% to 10% of patients (Hillman and Bishop, 2004). Radio-
graphic assessment of swallowing in the acute exacerbation phase is reported to show
generalized weakness of the oral and pharyngeal musculature affecting the oral and
pharyngeal phases of swallowing (Logemann, 1998). Respiratory support should be
stable before commencing swallowing therapy. Resistance and a range of motion
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exercises have been recommended to improve swallowing function. Manoeuvres or
techniques that affect respiratory control (e.g. the supraglottic swallow) should be
avoided until the individual has recovered sufficiently to be able to safely manage
these manoeuvres.

MULTIPLE SCLEROSIS

Multiple sclerosis (MS) is an inflammatory condition affecting the myelin sheath
of the central nervous system, but not peripheral neurones (Macleod and Mumford,
2004). It involves autoimmune-mediated inflammatory demyelination and axonal
injury (Griggs, 2004c¢). There is a prevalence of 110 in 100,000 in the UK. It is a
disease of young adults with two-thirds of those affected being female (Macleod and
Mumford, 2004). The condition may

* present as a benign disease; or
 aremitting and relapsing condition; or
 show ‘inexorable progression’ from outset.

A combination of genetic predisposition and environmental factors in early life
seem to be important in its aetiology (Griggs, 2004c; Macleod and Mumford, 2004).
Symptoms can arise from any part of the central nervous system; however, there is a
typical presentation of the disease. Griggs (2004c) reported that in younger individ-
uals the disease starts with focal neurological symptoms, often of the optic nerves,
pyramidal tracts, posterior columns, cerebellum, central vestibular system or medial
longitudinal fasiculus. In older individuals the pattern is different, with progressive
myelopathy, axial instability and bladder impairment. The majority of patients have
resolution of their initial symptoms. Clinical features of MS include:

* optic nerve features: optic neuritis, optic atrophy;

 brain stem features: diplopia, internuclear opthalmoplegia, sensory loss of face
(CN V), facial weakness (CN VII), slurred speech, difficulty swallowing;

e cerebellar features: slurred speech, unsteady gait, nystagmus;

* spinal cord features: monoparesis, paraparesis, quadriparesis, sensory loss, blad-
der and bowel dysfunction, sexual dysfunction;

e paroxysmal features: trigeminal neuralgia, paroxysmal motor and sensory symp-
toms; and

e cerebral hemisphere features: euphoria, confusion, dementia (Macleod and
Mumford, 2004).

Dysphagia is a frequent presentation in MS and, like the disease itself, the
swallowing problems may also be relapsing and remitting (Jones, 2003a). There
is a vast degree of variation in the presentation of swallowing disorders in this
population due to the diversity of the extent and focus of demyelization. Pharyn-
geal stage disorders are the most common presentations of dysphagia in individu-
als with MS (delayed pharyngeal reflex initiation and reduced pharyngeal wall
contraction). Oral phase disorders are reportedly less common (Logemann, 1998).
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Cases of dysphagia need to be examined and treated on a case-by-case basis, re-
membering the relapsing and remitting nature of the disease. Sensory treatment
may be employed to good effect to improve the triggering of the swallow reflex
(Logemann, 1998; see also Chapter 12).

BURNS

There are three separate varieties of burns that can have an impact on swallowing
function:

» thermal smoke and fire burns;
o thermal food and fluid burns; and
e caustic burns.

These will be expanded upon briefly below. The circumstances of the burn will also
provide the clinician with additional features to consider. For example:

« explosions may be associated with fractures and intra-abdominal bleeding;

» burning wood, chemicals and plastic may produce cyanide-type poisoning and
other gases causing pneumotitis;

 burns in an enclosed space may suggest a need for carbon monoxide poisoning to
be considered (Hillman and Bishop, 2004).

THERMAL SMOKE AND FIRE BURNS

Individuals can sustain thermal burns in explosions, house, car and bush fires. In-
halation injury can result from thermal burns. It is defined as injury to the epithelial
lining of the lower tracheobronchial tree and lower airway. It is present in approxi-
mately 20% to 30% of patients treated in burns units (Muehlberger et al., 1998; Hill-
man and Bishop, 2004). The most immediate danger from inhalation injury is upper
airway obstruction caused by oedema. Depending on the site of the injury the facial
and cervical skin and muscles may also be affected by burns, leading to reduced
range of motion of the facial muscles and laryngeal strap muscles. Exposure to fire
and smoke can cause ‘singed facial hair, singed nasal vibrissae, facial burns, oral
and/nasal soot, cough, carbonaceous sputum and swallowing difficulties’ (Muehl-
berger et al., 1998: 1004). Injury to the pharynx may include supraglottic and/or
subglottic oedema. Pooled secretions may also be found in the posterior portion
of the glottis and interarytenoid space. When supraglottic structures are affected
there may be particles evident on endoscopy assessment, in addition to oedema and
impaired mucous production of the upper airway. When subglottic structures are
affected there may be bronchial obstruction and the toxic gases may affect the al-
veoli with subsequent necrosis and ulceration (Muehlbeger et al., 1998).
Individuals in this population are often treated with intubation to ensure a patent
airway. However, complications with endotracheal intubation in this population in-
clude: granuloma formation, vocal fold paralysis, bleeding, laryngeal chrondomalacia
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and tracheoesophageal fistula (Muehlberger et al., 1998). Muehlberger et al. (1998)
suggested that fibreoptic laryngoscopy should be part of the routine examination of
burns victims to aid in determining whether endotracheal intubation is warranted, due
to its superior ability to visualize the airway. While lateral still x-rays may help to di-
agnose a severely oedematous epiglottis, it is not considered sufficient to evaluate less
severe inhalation injuries (Muehlberger et al., 1998). Elevated carboxyhaemoglobin
levels may also be found in individuals who have sustained an inhalation injury. It is
important to note that pulse oximetry will not be accurate, as the oximeter will read
the carboxyhaemoglobin as normal oxyhaemoglobin (Muehlberger et al., 1998).

The speech pathologist’s role in the burns unit is to establish communication,
assess and treat swallowing disorders, assess and treat vocal cord dysfunction, and
assist in the reduction of scar formation of facial and oral musculature. In addition
to the inhalation injury outlined above, individuals who have suffered a burns injury
may also suffer from pain on swallowing (odynophagia). Other factors to be consid-
ered in the burns population include: general physical weakness, pulmonary hyper-
tension with tachypnea, oral and facial skin grafts and/or scar formation, multiple
surgeries, medications, difficulty with positioning, damage to the central nervous
system due to hypoxia, and hypermetabolism with caloric push (Snyder and Ubben,
2003). Snyder and Ubben (2003) conducted a study to determine how often speech
pathology intervention occurred in the burns unit. They found that the number of
speech pathologists was limited despite burns victims requiring alternative or aug-
mentative communication (often due to tracheostomy), oromotor intervention (facial
expression and articulation, resonance and voice projection), treatment of swallow-
ing and therapy for cognitive-linguistic disturbances due to hypoxia.

The impact of the cognitive-linguistic deficits was often related to poor memory
and verbal problem-solving skills, difficulties with self-care and safety. The authors
suggested that increased referrals to speech pathology rather than aggressive pul-
monary care in isolation may be a more cost-effective treatment regime for burns
patients. Ward et al. (2001) found, in a retrospective study, that the average duration
of hospitalization for a group of 30 burns patients was 84 days, with speech pathol-
ogy intervention for roughly half that time. Individuals often experienced a period of
30 days between admission and their first safe oral intake, probably due to their un-
stable medical condition. By discharge, the majority of burns patients were found to
be managing thin fluids, with all taking a diet and most taking a ‘normal’ diet (Ward
et al., 2001). Ward et al. (2001) found that the patient’s medical status, acute surgi-
cal requirements, wound debridement, medications (corticosteroids and antibiotics),
oedema and tracheostomy all prolonged the inactivity of the muscles required for
swallowing. Compensatory strategies were most often employed to treat this popula-
tion, with adjustment to foods and fluids the most likely course of treatment.

CAUSTIC BURNS

Individuals may sustain caustic burns by accidentally or willingly (suicide attempts)
swallowing caustic and acidic agents (detergents, bleaches or other substances
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containing alkalis or acids). When caustic substances are ingested, the upper airway
and larynx will work to drive the fluid out. Consequently the most profound damage
occurs in the pharynx and to the epiglottis. The vocal folds are usually preserved
(Chen et al., 2003). The degree of damage to the aerodigestive system will depend
on the type of substance swallowed and the amount. In some instances not only
the oral and pharyngeal regions are affected, but the oesophagus is affected also.
Shikowitz et al. (1996) detailed four phases of recovery from caustic burns. The
acute phase occurs over the first 4—7 days and includes vascular thrombosis, inflam-
mation, bacterial infiltration, cell death and the formation of necrotic tissue. The
middle phase finds the necrotic tissue starting to ulcerate. This is the point when the
oesophageal walls are reportedly at their weakest (Shikowitz et al., 1996). The latent
phase occurs during weeks 2—4, and finds the beginning of granulation tissue for-
mation. During the latent phase there is also a high risk of circulatory collapse and
pulmonary necrosis. The chronic phase shows scar tissue formation, the potential for
abscesses, oesophageal strictures and gastric obstruction. Where the oesophagus has
been irrevocably affected, a piece of the colon or jejunum may be used to bypass the
oesophagus. Some individuals may be left with a permanent jejunostomy.

A jejunostomy is where nutrition is delivered directly into the jejunum. Over time,
the jejunal site may become odorous due to a combination of fermenting food and
gastric secretions (Chen et al., 2003). Chen et al. (2003) reported a procedure using
a free jejunal flap to reconstruct the oesophagus. The new segment allows for the
mouth and stomach to be physically connected, while simultaneously protecting the
airway. Food and fluids are passed into the buccogingival sulcus, where the opening
of the flap is situated. The patient is taught to blow up the cheek to open the inlet and
increase intraoral pressure. The graft then runs external to the mandible, following
the path of where the oesophagus would be. This new type of surgery allows indi-
viduals to continue to eat and drink orally without the complications of aspiration
and phobia about choking. Saliva production continues to occur, and must either be
swallowed or expectorated. If there is severe damage to the supralgottic structures,
aspiration may continue to occur, possibly leading to recurrent pneumonia.

Shikotwitz et al. (1996) reported the following features of dysphagia associated
with caustic burns: reduced tongue base retraction, reduced pharyngeal wall move-
ment, reduced laryngeal elevation and reduced laryngeal closure. They also reported
a latency of approximately 6 months for dysphagia recovery. The team best equipped
to treat an individual with caustic burns consisted of an otolaryngologist, thoracic
surgeon, radiologist, psychiatrist and speech pathologist.

THERMAL FOOD AND FLUID BURNS

Goto et al. (2002) reported that thermal burns to the oral cavity from swallowing hot
fluids are fairly common and usually do not result in serious injuries. The reason for
this may be due to the fact that the teeth and oral tissues are very good at dissipating
heat (Longman and Pearson, 1987). In addition, hot foods tend to be consumed at
lower temperatures than hot fluids. Thermal burns to the pharyngeal and laryngeal
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region due to swallowing hot foods/liquids is rare and most often found in the pae-
diatric population with foods or drinks being heated in a microwave (Goto et al.,
2002). Damage to the epiglottis is a common consequence, even where the mouth
and pharynx appear to only be mildly scalded. Damage to the supraglottic region
may include red, oedematous and white-coloured aryepiglottic folds, arytenoids and
false vocal folds and swollen epiglottis (Goto et al., 2002). Patients with laryngeal
burns may require a tracheostomy. There is also the risk of pneumonia. Goto et al.
(2002) recommend examination using a flexible endoscope to visualize the supra-
glottic region or failing that a lateral x-ray of the region (see Chapter 8 regarding
endoscopy and x-ray assessment).

PALLIATIVE MEDICINE

MOTOR NEURONE DISEASE

Motor neurone disease (MND) has a prevalence of 6 in 1,000 and an annual inci-
dence of 2 in 100,000. MND is rare in individuals under the age of 50 years. It is also
known as amyotrophic lateral sclerosis (ALS). It is a disease of the peripheral nerves
and neuromuscular junction with degeneration of upper and lower motor neurones.
The cause of the disease is not known and the median survival time is approximately
3 years from symptom onset, with a worse prognosis if bulbar signs are present
(Macleod and Mumford, 2004). Bulbar involvement, limb weakness and respiratory
involvement are associated with MND. Motor neurone disease starts with painless,
progressive weakness, and moves to muscle wasting and fasciculation. Dysarthric
speech, dysphagia, choking, nasal regurgitation, hoarse voice and ‘bovine cough’
are all features of the MND client. Pseudobulbar palsy affects both the oral and pha-
ryngeal muscles, with slowness or stiffness of the tongue and weakness of the pha-
ryngeal musculature. LMN involvement causes wasted fasciculation of the tongue,
‘bovine cough’ and weakness of the pharyngeal and laryngeal muscles. Involvement
of the tongue affects the individual’s ability to prepare the bolus adequately, and
to control the bolus within the oral cavity. Thermal stimulation may be beneficial
(Logemann, 1998, see also Chapter 12). Involvement of the pharyngeal muscula-
ture predisposes the individual to pooling of material in the pharynx post swallow.
This material may be aspirated if not adequately cleared with subsequent swallows.
Involvement of the neck muscles may require head support and correct positioning
for safe feeding. Adjustment in dietary textures and fluid thickness may allow the
individual with MND to continue to consume foods and fluids orally.

Placement of a non-oral feeding tube may prolong life, with the individual choos-
ing to take some foods and fluids orally for quality of life reasons. The patient’s
choice in this matter is crucial. Rehabilitation exercises may exacerbate fatigue.
Once the laryngeal and laryngeal suspensory muscles become involved protection
of the airway becomes more difficult, or even impossible. From a respiratory per-
spective, the involvement of the intercostals muscles and diaphragm often leads to
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respiratory failure by muscle paralysis (Griggs, 2004a). Wasting and fasciculation of
the intercostals muscles may occur. Hadjikoutis et al. (2000) reported an abnormal
swallow-respiratory pattern in individuals with MND. Rather than the normal pat-
tern of exhalation after the swallow, individuals with MND are more likely to inhale
post swallow. They also present with a prolonged swallow apnoea period and mul-
tiple swallows per bolus. Inhalation after the swallow has been highlighted as a red
flag for potential aspiration risk, particularly if there is residue in the pharynx post
swallow. Hadjikoutis et al. (2000) found that in a 12—18 month follow-up of individu-
als with MND that this abnormal swallow-respiratory pattern did not predict chest
infections, coughing or choking episodes during meals or survival rate.

With MND there is preservation of eye movement, sensation and sphincter con-
trol. Higher cognitive function is usually preserved; however, there is a subset of
MND patients who may present with some degree of frontal dementia, which may
precede the onset of MND (Macleod and Mumford, 2004). Motor neurone disease
can affect the corticobulbar tracts (as described above), the corticospinal tracts or
both (Logemann, 1998). Individuals, who present with predominantly corticospinal
tract presentation, may not experience dysphagia until late in the disease process,
whereas individuals with a more corticobulbar involvement will have dysphagia as
part of their initial presentation. Interestingly, individuals with corticospinal tract
involvement present with dysphagia characterized by reduced movement of the soft
palate and reduced pharyngeal wall contraction. In addition, their initial presenta-
tion may just be slowly progressive unplanned weight loss (Logemann, 1998).

Patients with MND may be treated with tricyclic antidepressants. Riluzole has
also been used in the treatment of MND to slow disease progression. However, the
drug has the following side effects: ‘nausea, vomiting, somnolence, headache, dizzi-
ness, vertigo, abdominal pain, circumoral paraesthesia, alterations to liver function
tests and neutropenia’ (Macloed and Mumford, 2004: 948). Medications may also
be used in an attempt to dry oral secretions; however, they must be used carefully
with individuals with respiratory involvement as these same medications make res-
piratory secretions thicker and more difficult to clear (Geis et al., 2004).

PARKINSON’S DISEASE

Parkinson’s disease is a neurodegenerative disease affecting dopaminergic neurones
of the extrapyramidal system causing:

« disturbance of the control of movement and posture;
« abnormalities of cognition and mood; and
e disturbance of the autonomic nervous system.

Parkinson’s disease has a prevalence of 150 in 100,000 and annual incidence of 20
in 100,000 in the UK (Macleod and Mumford, 2004). Parkinson’s disease rarely
presents in individuals under 50 years of age and probably occurs equally in both
sexes (Macleod and Mumford, 2004). The actual cause of Parkinson’s disease is un-
known, however there seems to be an interaction between genetics and environmental
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factors. Interestingly, it is one of the few conditions that are less common in cigarette

smokers (Macleod and Mumford, 2004). The median duration from diagnosis to

death is roughly 15 years, with many patients dying with their Parkinson’s disease

rather than dying of their Parkinson’s disease (Macleod and Mumford, 2004: 925).
Diagnosis of Parkinson’s disease is made if there is:

* rigidity, tremor and bradykinesia;

 abnormalities are restricted to the extrapyramidal system;

« there is no other obvious cause; and

« there is a good response to L-dopa medication (Macleod and Mumford, 2004).

There are also a number of secondary features of the disease, which include:

» masked facial expression;

« dysphagia;

 hypophonia/palilalia;

« stooped posture; and

« festinating gait and ‘start hesitation’.

There are also autonomic deficits relating primarily to continence, alterations to be-
haviour, depression, dementia and sensory complaints (aching, numbness, tingling)
(Macleod and Mumford, 2004).

Dysphagia associated with Parkinson’s disease reflects the impairment of
volitional and autonomic movement due to bradykinesia and rigidity. Dysphagia has
been reported in half of the presentations of Parkinson’s disease, with drooling in up
to three-quarters of those who present with the disease (Johnston et al., 1995; Jones,
2003a; Geis et al., 2004). Individuals with Parkinson’s disease do not salivate more
than healthy elders, the problem is related to poor oral function, causing pooling in
the oral cavity (Johnston et al., 1995). Dysarthria is a common feature of Parkinson’s
disease because of involvement of the lips, tongue and soft palate. There is reduced
vocal fold adduction, weak, breathy voice and limited respiratory support (Geis
et al., 2004). The Lee Silverman Voice Treatment (LSVT®) programme is used
in the treatment of dysarthria in individuals with Parkinson’s disease to improve
vocal intensity, but has also been used to good effect in the treatment of dysphagia
(Sharkawi et al., 2002). Sharkawi et al. (2002) reported improved oral tongue and
tongue base activity during the oral and pharyngeal phases of swallowing and
increased vocal intensity after using the LSVT programme. Improved oral transit
time and a reduction in post-swallow oral residue were also determined from pre-
and post-treatment videofluorscopy assessments.

The primary predictors of dysphagia in Parkinson’s disease are:

e duration of the disease;
« severity of the disease; and
« tremor and speech disturbances (Geis et al., 2004).

Dysphagia tends to be multifactorial and its presentation will depend upon de-
gree of cognitive involvement, extrapyramidal and autonomic impairment, and
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psychological state. Impairment in mastication and oral preparation are the most
common presentations of dysphagia in individuals with Parkinson’s disease, with
difficulty for solids reported more frequently than for liquids (Johnston et al., 1995;
Volonte et al., 2002; Jones, 2003a). Bradykinesia is linked to impairment of tongue
functioning and oral motility problems, including piecemeal deglutition, oral residue
and premature loss of the bolus from the oral cavity into the pharynx. Impairment
of pharyngeal motility may cause pooling of material in the pharynx after swal-
lowing, which is an aspiration risk factor. Aspiration is not an early feature of the
disease. However, timely education regarding clinical signs of aspiration and educa-
tion regarding dietary modification should be considered by the speech pathologist
in preparation for disease progression. The oesophageal phase may also be affected
with presentation of delayed oeosphageal transport, oesophageal stasis, reflux and
tertiary oesophageal contractions (Johnston et al., 1995; Geis et al., 2004). Note that
poor distensibility of the oesophagus has particularly been noted in individuals with
Parkinson’s disease who also present with dysphagia. Individuals with Parkinson’s
disease present with postural instability and a predisposition to falls. Liaison with a
physiotherapist to ensure adequate positioning and stability for eating and drinking
is recommended (see also Chapter 11).

Logemann (1998) reported that rehabilitation exercises aimed at the lips, tongue
and improvement of laryngeal elevation are appropriate for individuals with
Parkinson’s disease. In the early stages of the disease, manoeuvres such as the sup-
raglottic swallow may be appropriate to assist in reducing the likelihood of aspira-
tion. Note, however that end-stage Parkinson’s’ disease may also include dementia.
This will severely limit the types of treatments the speech pathologist is able to of-
fer, and much dysphagia treatment may eventually consist of dietary modifications.
Weight loss is a common but poorly understood presentation of Parkinson’s disease
(Pfeiffer, 2003).

The most common medication for the treatment of advanced Parkinson’s disease
is carbidopa/levodopa (Sinemet). L-dopa aims to improve the movement disorder.
Individuals may also be placed on antidepressants, which may improve nutrition by
enhancing mood and appetite (Johnston et al., 1995). Individuals should be given
an opportunity to adjust to their medication to determine any medication effects on
swallowing ability (Logemann, 1998). The majority of studies that assess the effect
of L-dopa on swallowing individuals with Parkinson’s disease noted an improve-
ment by reducing oral and pharyngeal impairment but also by enhancing upper ex-
tremity function (Buckholz, 1987; Johnston et al., 1995). Note also that concurrent
gastroparesis can cause erratic absorption of drugs used to treat Parkinson’s disease
(Pfeiffer, 2003).

PROGRESSIVE SUPRANUCLEAR PALSY

Progressive supranuclear palsy is a type of degenerative disease affecting multiple
systems as well as the extrapyramidal system (Pakalnis et al., 1992; Macleod and
Mumford, 2004). It involves the frontal cortex and connections to basal ganglia and
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brain stem. The disease results in dementia, supranuclear gaze palsy, axial rigidity
and pseudobulbar palsy (Macleod and Mumford, 2004). It is also known as Steel-
Richardson Olszewski syndrome. Progressive supranuclear palsy presents with a
more rapid decline than Parkinson’s disease, and dysphagia is a common feature of
this syndrome (Jones, 2003a). Both oral and pharyngeal phase deficits have been
reported in this group, although they are less likely to present with the lingual tremor
that is common in individuals with Parkinson’s disease, despite the existence of ex-
trapyramidal disorder (Jones, 2003a).

ALZHEIMER'’S DISEASE

Alzheimer’s disease is a chronic progressive dementia. It is another neurodegen-
erative disorder associated with dysphagia. It is associated with the formation of
neurofibrillary plaques and tangles, and ‘senile’ plaques of the cerebral cortex and
hippocampus (Macleod and Mumford, 2004). One in 20 individuals over the age
of 65 and one in five over the age of 80 years are reported to present with Alzhe-
imer’s disease (Macleod and Mumford). As the disease progresses, oropharyngeal
dysphagia becomes evident, and may or may not include an eventual inability to
swallow (Eggenberger et al., 2004). Apraxia for feeding has been described in indi-
viduals with Alzheimer’s disease, making it difficult to initiate the oral phase of the
swallow (Logemann, 1998). The individuals may also exhibit an agnosia for food,
giving little reason to swallow the foods/fluids in their mouth (Logemann, 1998).
Significant delays in oral preparation and delays between swallow may be encoun-
tered (e.g. 3—4 minutes to initiate a swallow) (Logemann, 1998). There are some
physiological changes to the swallowing mechanism that also occur with Alzhe-
imer’s disease (e.g. reduced oral phase efficiency, delayed swallow reflex initiation,
reduced laryngeal excursion and pharyngeal weakness abnormalities), but the over-
whelming problem may be in getting sufficient foods and fluids into individuals with
Alzheimer’s disease because of the length of time it takes to feed them. The problem
then becomes one of nutrition and hydration with the ethical issues surrounding
long-term non-oral feeding coming to the fore. Techniques to enhance oral sensation
may initially be useful in promoting a more prompt swallow reflex. However, the
clinician needs to be aware that there will come a time when the patient no longer
benefits from treatment, and that swallowing therapy should at that point be termi-
nated (Logemann, 1998).

In the diseases outlined above, the end stage for many may be the provision of
non-oral feeding. In some cases individuals may continue to take some foods and
fluids orally for quality of life, but receive the majority of their nutrition via non-oral
means. Non-oral feeding can be used therapeutically for individuals with stroke or
head injury, where the non-oral feeding is usually a temporary measure, with the
aim of tipping the balance back towards total oral nutrition, where possible. In the
palliative care population there are incredible moral dilemmas about the provision
of artificial nutrition and hydration. The patient’s family may be guilt-ridden for
not placing non-oral feeding tubes in individuals in the final stages of a palliative
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disorder. Eggenberger et al. (2004) note, however, that tubefeeding is a passive proc-
ess and is really nothing like the social function provided by eating and drinking. In
addition, the researchers note that there is scientific evidence that supports the notion
that foregoing artificial hydration and nutrition actually decreases a dying patient’s
suffering. Death from dehydration is reported to be a pain-free and peaceful process
(Eggenberger et al., 2004). It is, nonetheless, a difficult ethical and moral issue to
deal with both for the speech pathologist and also for the family and carers of the
patient. The speech pathologist will often be the one to decide when oral feeding is
no longer safe or sufficient to meet nutrition and hydration needs. For individuals
with a palliative condition, the patient’s wishes must be kept uppermost. Information
about enteral and parenteral nutrition is supplied below to enhance the knowledge
of the speech pathologist. The dietitian is responsible for the prescription of enteral
and parenteral regimes.

ENTERAL AND PARENTERAL NUTRITION

Nutritional support is often considered for individuals who have lost more than 10%
of their body weight, whose body mass index is less than 20, or if malnutrition
is suspected. Close coordination with a dietitian is extremely important, as speech
pathologists do not have sufficient training to advise on nutritional support. Where
nutrition needs to be provided non-orally, it can be provided enterally (directly into
the gastrointestinal tract) or parenterally (intravenously). If intestinal function is
adequate, enteral nutrition should be used as the preferred option. Note that some
patients may require non-oral nutrition as their sole source of nutrition if their dys-
phagia is very severe. Other dysphagic individuals may be able to cope with a com-
bination of oral and non-oral feeding. Each individual is different, and only the
clinician, the patient and the dietitian, with medical support, will be able to deter-
mine the optimum method of providing nutrition.

ENTERAL NUTRITION

There are two main types of enteral nutrition used in individuals with dysphagia:
the nasogastric tube and the gastrostomy tube. The nasogastric tube is a lubricated
fine-bore plastic tube that is inserted through the nares and passed gently down the
oesophagus to the stomach. Medical and nursing staff are responsible for placement
of the tube to ensure that it is correctly positioned (i.e. in the stomach and not in the
lungs). Fine-bore tubes can be left in situ for two weeks. After this time, if swallowing
has not improved, more permanent methods of non-oral feeding need to be consid-
ered. Large-bore tubes are not appropriate for enteral feeding for more than 7 days due
to nasal discomfort, oesophagitis and peptic stricture (Davies and Rampton, 2004).
Longer term non-oral feeding can be afforded via a gastrostomy tube. The gas-
trostomy tube may be placed via standard surgery aided by radiology, or via percuta-
neous endoscopic surgery (PEG). Enteral feeds can be administered continuously or
taken at night only. When progressing dysphagic individuals towards an oral diet it
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may be possible to speak with the dietitian about night feeds to allow the individual
to experience the sensation of hunger during the day, and thus be more inclined to
test oral intake.

The speech pathologist should be made aware of some complications of enteral
feeding. These include:

« diarrhoea;

 pulmonary aspiration (from a dislodged tube that finds it way to the pharynx or if
rapid feed administration is refluxed);

« inflammation of the nose or oesophagus; and

e metabolic problems.

Note also that there a better outcome (i.e. reduced mortality) is associated with NGT
feeding in individuals with acute stroke, in the first few days after stroke and extend-
ing to 2 to 3 weeks post stroke (FOOD Trial Collaboration, 2005). In individuals
with acute stroke, the decision to provide gastrostomy feeding should be reserved
until after 3 weeks unless the individual is unable to tolerate nasogastric tubefeed-
ing. The FOOD Trial Collaboration (2005) found that individuals who had a PEG
placed in preference to an NGT were more likely to be institutionalized, with a
higher dependency for care.

PARENTERAL NUTRITION

Parenteral nutrition is a complex means of delivering nutrition to the patient and
requires a specialized team (clinicians, nurses, pharmacists and dietitians). As noted
above, the intravenous method of delivering nutrition is reserved for individuals
where gastrointestinal function is so severely impaired that they would be unable to
absorb sufficient nutrients enterally. When appropriate for use, parenteral nutrition
is delivered slowly into a large central vein where it is diluted with blood. Provided
that the site does not become infected, it is possible that the line may be left in situ
for a period of months (Davies and Rampton, 2004).
Complications of parenteral nutrition include:

* local trauma;

 air embolism,;

« fluid infusion into the mediastinum or pleural cavity;
» thrombosis of the vein;

« infection; and

» metabolic problems (Davies and Rampton, 2004).

INFECTIOUS DISEASES

POLIOMYELITIS (POLIO) AND POST-POLIO

Poliomyelitis (polio) is an enteroviral infection that destroys anterior horn cells
of the spinal cord and motor neurone cell bodies in the bulbar nuclei (Gillespie,
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Sonnex et al., 2004). It has also been reported to affect the reticular formation and
hypothalamic nuclei. The virus gains access through the oral or nasal cavity, with
individuals experiencing flu-like symptoms, or being asymptomatic. In less than 2%
of people affected, individuals go on to develop involvement of the central nervous
system. In those affected, the virus invades and kills spinal or bulbar lower mo-
tor neurones, causing paralysis. Respiratory or bulbar paralysis may be dominant
features, resulting in dysphagia, dysarthria and dysphonia (Gillespie, Sonnex et al.,
2004). There may be some residual paralysis or paresis after recovery from the acute
phase. There is neuronal plasticity in that new axons may sprout from surviving
neighbouring motor axons. Although it is rarely diagnosed now, because there is an
active international vaccination campaign underway to eradicate the virus, it was
prevalent in the 1940s and 1950s.

Post-polio syndrome is reported to affect between 25% and 90% of people previ-
ously affected by polio. Post-polio syndrome occurs 20 to 30 years after the initial
polio infection. It is characterized by fatigue, progressive weakness of both affected
and previously unaffected muscles, and pain. It is reported to occur more frequently
at times of physical or emotional stress. In addition, it is more likely to affect people
who were:

« infected with polio when they were older than 10 years;
* on a ventilator; or
« if their initial polio infection was quite extensive.

Treatment of post-polio syndrome must be provided on a case-by-case basis due
to the variations that are found in presentation. Treatment should address mainte-
nance of the airway and optimization of voice quality, in addition to treatment of any
residual dysphagia. Swallowing problems may include pharyngeal wall weakness,
reduced tongue base retraction and reduced laryngeal excursion (Logemann, 1998).
This combination of deficits generally leads to aspiration after the swallow from
material pooled in the pharynx post swallow. Logemann (1998) reported that exer-
cises aimed at increasing muscle strength, may actually cause muscle fatigue (see
also Chapter 12). Consequently, treatment by compensation may be better suited to
this population (see Chapter 11). The progression of post-polio syndrome, by way of
progressive muscular decline is reported to be slow.

HUMAN IMMUNODEFICIENCY VIRUS AND AIDS

Human immunodeficiency virus has been reported to have originated in ‘simian im-
munodeficiency virus’ found in chimpanzees in central Africa (Gillespie, Brodsky
et al., 2004). It is a retrovirus and is widespread throughout the world with 10 differ-
ent subtypes having been identified. The main consequence of the infection is the re-
duction in T-helper lymphocytes, which causes severe immunosuppression. It is the
manifestations of this immunosuppression that result in acquired immunodeficiency
syndrome (AIDS) (Gillespie, Brodsky et al., 2004). AIDS is part of the final stage
of an infection associated with HIV. It is defined as ‘the life-threatening diseases
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caused by HIV’ (Gillespie, Brodsky et al., 2004: 170). AIDS patients may present
with Karposi’s sarcoma, pneumonia, fever, malaise, tiredness, loss of weight, dys-
phagia and more.

Nervous system complications are most often found in individuals with untreated
HIV (Gillespie, Brodsky et al., 2004). They range from mild cognitive disorders to
serious central nervous system infections. Encephalopathy and dementia related to
HIV may produce problems with coordination, short-term memory deficits, preserva-
tion of alertness in relation to cognitive loss, emotional lability, ataxia, aphasia, global
cognitive deterioration, and relative mutism. This list is not exhaustive. Individuals
who develop primary central nervous system lymphoma may present with confusion,
memory loss, hemiparesis, aphasia and cranial nerve palsies. Progressive dementia,
stroke, meningitis, and facial lesions have also been recognized as neurological mani-
festations of AIDS (Macleod and Mumford, 2004; Hillman and Bishop, 2004).

Dysphagia in AIDS is often related to the oesophagus and may result from in-
flammation, ulceration, strictures, masses (e.g. Karposi’s sarcoma, lymphoma) and/
or oesophageal motility problems (Meux and Wall, 2004). Infectious, inflammatory
and myoplastic processes have been reported in the pharynx as well as the oesopha-
gus, although oesophageal dysphagia has been estimated to affect nearly half of all
individuals presenting with AIDS (Halvorsen et al., 2003; Meux and Wall, 2004).
The patient may present with pain on swallowing (odynophagia), dysphonia and/or
hoarseness. Pain on swallowing is often related to opportunistic infection with the
Herpes Simplex virus and can lead to painful swallowing and mouth ulcers. Can-
dida infection is another opportunistic infection and is the most common cause of
oesophagitis in AIDS patients. Patients present with the symptoms of dysphagia,
odynophagia and nausea (Meux and Wall, 2004; Gillespie, Brodsky et al., 2004). In
addition, individuals with oesophageal cadidasis often present with oral candidasis.
The condition is usually managed with oral anti-Candida agents.

In a small study of the swallowing abilities of individuals with AIDS, Halvorsen
et al. (2003) reported that their group of 17 demonstrated abnormalities in the oral,
pharyngeal and oesophageal phases of swallowing, with aspiration occurring in
eight of the 17 and silent aspiration a common finding in those that aspirated. The
oral phase of the swallow was found to be affected by disorders related to manipu-
lation and transport of the bolus. The pharyngeal phase deficits were related to a
reduction in laryngeal excursion, pooling in the pharynx and aspiration (Halvorsen
et al., 2003).

CLINICAL IMPLICATIONS

Medical specialists will define treatment regimes for individuals with AIDS. The
clinician will need to consider communication deficits in individuals with AIDS in
addition to any dysphagia, recognizing that treatment will predominantly be com-
pensatory and related to posture and dietary management. The presence of cognitive
deterioration significantly reduces the individual’s ability to learn new information.
Consequently, the potential for dysphagia rehabilitation may be limited.
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Moreover, many of the compensatory exercises may also be contraindicated, par-
ticularly if they need to be implemented with every swallow. For example, if the
individual cannot remember the sequence of events to perform a safe supraglottic
swallow for every mouthful of food or fluid, teaching them the technique may prove
to do more harm than good. Case-by-case decision making is needed. Good oral hy-
giene is also important to reduce the likelihood of individuals with pharyngeal stage
disorders aspirating bacteria laden microflora. The clinician will need to ensure that
their own health is good, so as not to bring an infection to the AIDS patients. In the
immunosupressed patient, even the most seemingly benign everyday infections can
potentially be life threatening.

GASTROENTEROLOGY

Although the expertise of the speech pathologist in dysphagia management is related
to the oral and pharyngeal phases of swallowing, knowledge of the oesophageal
phase and its disorders is important. The clinician needs to be aware that oeosopha-
geal disorders can adversely impact on the pharynx post swallow. Reflux (prandial
or gastric), that enters the pharynx post swallow and dwells in the pharynx, is at
risk of being drawn into the airway with inspiratory airflow. The pharynx and lar-
ynx may also be damaged by the acidic nature of gastric reflux, causing pain on
swallowing. As individuals age, the likelihood of them experiencing oesophageal
disorders increases (see Chapter 2). Consequently, older individuals are more at risk
of oesophageal disorders and reflux related pharyngeal complications. This section
provides information relating to: gastroesophageal reflux, laryngopharyngeal reflux,
oesophageal motility disorders, and foreign body ingestion. While specialists in gas-
troenterology will be responsible for treatment of oesophageal disorders, the speech
pathologist may be called upon to provide a differential diagnosis to rule out con-
comitant oropharyngeal dysphagia.

GASTROESOPHAGEAL REFLUX (GER)

This condition often occurs when the lower oesophageal sphincter (LES) fails to
keep food in the stomach and backflow of food occurs into the oesophagus. Gas-
troesophageal reflux is a clinical term that is applied when the reflux is excessive
and causes tissue damage (oesophagitis) and/or clinical symptoms (e.g. Heartburn)
(Koufman et al., 2002). Reflux may also be caused by oesophageal dysmotility, and
prolonged oesophageal acid clearance. It is extremely common, affecting roughly
30% of the population, particularly in affluent societies (Davies and Rampton,
2004). Additional causes of GER include:

« hiatus hernia;

 obesity;

e drugs: non-steroidal anti-inflammatory drugs (NSAIDS), antidepressants, anti-
cholingergics, and calcium-channel blockers.
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Gastro-oesophageal reflux is usually prevented by:

« the LES and its resting tone;

« acute angle of entry of the oesophagus into the stomach;

» compression of the intra-abdominal segment of the oesophagus by intra-abdomi-
nal pressure;

« diaphragmatic hiatus; and

* neutralization of any acid reflux by swallowed saliva (which equates to approxi-
mately 1 litre/day) (Davies and Rampton, 2004).

The vagus nerve provides the main parasympathetic supply to the oesophagus and
its action is to cause increased contractility and reduced sphincter tone. There are
also sympathetic supplies throughout the oesophagus, which have the opposite effect
(Davies and Rampton, 2004).

Symptoms of GER

Individuals may complain of a burning sensation, which is often worse at night time.
This is because the person is in the supine position and backflow occurs more read-
ily in this position. Individuals may also complain of burning in the pharynx and
coughing or gagging after the swallow. It may be possible to see redness of the
arytenoids cartilages via endoscopy. Gastric contents are highly acidic and ‘burn’
tissue, hence the redness seen. Discomfort due to reflux may also limit the amount
of oral intake, which will have an effect on overall health and wellbeing. A reduc-
tion in lower oesophageal pressure may be caused by fatty foods, alcohol, smoking,
drugs (see Table 9.3), and pregnancy. Smoking also causes increased gastric acid
secretion, which will effectively increase the amount of acid available in a reflux
susceptible individual.

Gastroesophageal reflux and hiatus hernia, Barrett’s oesophagus and
oesophageal adenocarcinoma

Gastroesophageal reflux has also been linked to hiatus hernia, Barrett’s oesophagus
and oesophageal adenocarcinoma. A hiatus hernia occurs when part of the stomach
is present in the chest. Not all patients with GER have a hiatus hernia and not all
patients with a hiatus hernia have GER. However, it has been reported that the larger
the hiatus hernia, generally the more likely the compliance of the lower oesophageal
sphincter is negatively affected (Davies and Rampton, 2004). Suggestions for man-
agement of reflux are provided in Table 9.3.

In individuals with Barrett’s oesophagus, there are changes to the normal epi-
thelium that lines the distal oesophagus. The epithelial tissue undergoes metaplas-
tic change such that it predisposes the individual to oesophageal carcinoma. The
condition is exacerbated by GER. Barrett’s oesophagus is an acquired condition,
and it is likely caused by the body’s response to excessive reflux of caustic gastric
material.
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Table 9.3 Management of gastroesophageal reflux

Treatment format

General advice Avoid stooping.

Elevate bed-head by 10-15 cm.

Stop smoking.

Avoid causative drugs (e.g. NSAIDS, antidepressants,
anticholingergics, calcium-channel blockers).
Reduce weight.

Avoid fatty and spicy foods.

Avoid late-night meals.

Avoid alcohol.

Avoid hot drinks (especially tea and coffee).
Avoid large meals.

Antacids.

Antireflux operation: fundoplication.

Diet

Medical treatment
Surgery or laparoscopy

Source: Davies and Rampton, 2004.

Primary carcinoma of the oesophagus is usually the result of (a) Barrett’s
oesophagus (adenocarcinoma) and (b) squamous cell carcinoma associated with en-
vironmental carcinogens (Davies and Rampton, 2004). Squamous cell carcinoma is
strongly associated with smoking, alcohol and dietary factors.

Gastroesophageal reflux and asthma

Given that the vagus nerve is the common innervation for both the lungs and the
oesophagus, it should not be surprising that many patients with asthma also have
GER. In addition, reflux may contribute to respiratory symptoms that are clinically
indistinguishable from asthma (Canning and Mazzone, 2003). Note that airway no-
ciceptors triggered by noxious stimuli such as acid, ethanol, capsaicin and cigarette
smoke terminate in the nucleus of tractus solitarius. Note that some oesophageal
sensory nerves also terminate in this area, and this may be part of the reason for
the link between the two disorders (Canning and Mazzone, 2003). Khoshoo et al.
(2003) reported that the provision of anti-reflux medications in patients with both
GER and asthma lead to a reduced requirement for asthma medications. The rela-
tionship between the two disorders is, however, quite complex and the subject of
continued research.

Laryngopharyngeal reflux

Laryngopharyngeal reflux (LPR) is a new distinction that is being made from GER
and describes retrograde propulsion of stomach acid to the level of the pharynx
and larynx. It has also been termed extraoesophageal reflux. The main distinguish-
ing factor of LPR from GER is that patients with LPR are predominantly upright
and daytime refluxers (Koufman et al., 2002; Belafsky, 2003; Lewin et al., 2003).
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Table 9.4 Characteristic signs and symptoms that differentiate gastroesophageal reflux
from laryngopharyngeal reflux (Lenderking et al., 2003)

Gastroesophageal reflux Laryngopharyngeal reflux
Sign or symptom (GER) (LPR)
Heartburn +++ +
Acid regurgitation +++ +++
Epigastric pain + Not usually
Oesophageal dysmotility +++ ++
Dysphagia + ++
Asthma + +
Hoarseness Not usually +++
Chronic cough Not usually +++
Globus sensation Not usually +++
Acid pH pH <4 lower oesophagus pH <5 upper oesophagus
and pharynx
Inflammation and oedema Laryngopharyngeal region
Position attack triggered in ~ Supine position Upright position
Site of dysfunction Lower oesophagus sphincter ~ Upper and lower

oesophageal sphincter

One of the cardinal symptoms of GER is heartburn, however this is not the case for
LPR. Table 9.4 provides a comparison of characteristic signs and symptoms of GER
and LPR.

The primary defect in LPR is believed to be dysfunction of the upper oesophageal
sphincter. It has been linked as a potential predisposing factor for laryngeal carci-
noma, leukoplakia, laryngeal stenosis and aspiration pneumonia. It is intermittent or
‘chronic-intermittent’ and individuals may exhibit the following clinical symptoms:
hoarseness, chronic cough, throat clearing and sore throat, dysphagia, globus, and
vocal cord granulomas. Less common manifestations include: buccal burning, hali-
tosis, otalgia, stridor and abnormality or loss of taste (Lenderking et al., 2003). Note
these same symptoms may also be caused by rhinitis, asthma and laryngeal cancer.
Note also that there appears to be laryngopharyngeal sensory deficits in individu-
als with LPR and this appears to predispose them to dysphagia (Aviv et al., 2000).
Research is continuing into LPR, as some degree of ‘normal’ pharyngeal reflux is
common in healthy, non-dysphagic individuals. However, there are many things to
be determined including the extent of that normal range and the optimal method of
its quantification (Richardson et al., 2004).

CLINICAL IMPLICATIONS

The speech pathologist should be aware that up to half of patients with laryngeal
and voice disorders have reflux (Koufman et al., 2002). In addition, dysphagia is a
very real risk for patients with GER and LPR, although it is more often associated
with LPR (Lenderking et al., 2003). Aspiration of refluxed material is very damag-
ing to the respiratory system due to its acidity. The oesophagus is better equipped
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to deal with reflux due to its extrinsic and intrinsic epithelial defence mechanisms
(Koufman et al., 2002). As few as three episodes of LPR in a week can cause sig-
nificant laryngeal damage. Treatment depends on the severity of the symptoms. It
is recommended that a gastroenterologist and an ENT specialist provide medical
care for the patient with LPR. Medical treatment often includes twice-daily dosing
of protein pump inhibitors for a period of at least 6 months (Koufman et al., 2001).
Quality of life concerns from individuals with LPR are predominantly related to
social functioning. The conditions that cause them the most psychological distress
include: voice problems, chronic cough, swallowing disorders and throat clearing.
These negatively impact on their self-esteem and their relationships, and heighten
fatigue, frustration, and stress levels (Lenderking et al., 2003). The clinician will
need to bear these quality-of-life issues in mind when planning treatment.

OESOPHAGEAL DISORDERS

Patients experiencing more difficulty with solids than with fluids may suggest a me-
chanical cause of dysphagia. Mechanical oesophageal disorders include: oesophagi-
tis, peptic stricture, carcinoma, and foreign body ingestion. Motility disorders of the
oesophagus include achalasia and spasm.

Mechanical oesophageal disorders

Benign oesophageal strictures are often caused by acid. It is a consequence of
prolonged and severe reflux (Davies and Rampton, 2004). Individuals with
oesophageal strictures often present with dysphagia and weight loss. The speech
pathologist may be involved in ruling out oropharyngeal dysphagia. Oesophageal
dysphagia will be treated by a gastroenterologist. Oesophageal cancer has been
described in the section above. Another cause of mechanical obstruction of the
oesophagus is the ingestion of foreign bodies. A number of small non-food items
may be swallowed by individuals (often children, the disabled or the psychologi-
cally disturbed). When the foreign bodies do not pass through into the stomach
they may lodge at the cricopharyngeal level or in the distal oesophagus. If im-
paction occurs, it often results in dysphagia, frequently with chest pain. If left
untreated the foreign body may perforate the wall of the oesophagus. Ulug et al.
(2003) described an unusual case of ‘foreign body sensation’ that was caused by
subluxation of the corniculate cartilage. The corniculate cartilages lie above the
arytenoids in the posterior region of the aryepiglottic folds. There is a great degree
of variability in their presence in the general population. In the case reported,
the corniculate cartilage had subluxed (been dislocated) and was lying in direct
contact with the posterior pharyngeal wall on abduction of the folds. The condi-
tion was diagnosed using endoscopy and the authors suspected that corniculate
cartilage subluxation is perhaps more common than reported in the literature and
often being misdiagnosed.
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Oesophageal motility disorders

Achalasia and oesophageal spasm may contribute to dysphagia and associated chest
pain. In achalasia there is a loss of oesophageal peristalsis and the lower oesopha-
geal sphincter fails to relax after the swallow. The most common signs of achalasia
may be malnutrition and pulmonary complications. Dysphagia may be intermittent
initially. Later, more persistent dysphagia may cause nutritional deficits and weight
loss (Davies and Rampton, 2004). Initially the difficulties may be relieved by drink-
ing, but later liquids may be worse than solids. Respiratory symptoms associated
with achalasia include coughing, nocturnal wheezing and chest infections. These
are probably due to aspirated material that has passed back into the pharynx after
swallows. ‘Cricopharyngeal achalasia’, distinct from oesophageal achalasia, is very
rare and refers to complete failure of the cricopharyngeus to relax (Jones, 2003b). It
may be diagnosed using a combination of videofluoroscopy and manometry. Failure
of the cricopharyngeus to relax will result in material remaining in the pharynx,
with a heightened risk of aspiration after the swallow in addition to malnutrition
from insufficient supply of nutrients. A gastroenterologist will treat individuals with
achalasia, often with medication or dilatation of the LES.

Oesophageal spasm is an idiopathic motility disorder (Davies and Rampton,
2004). It is characterized by intermittent, non-propulsive oesophageal contractions,
sometimes with dysphagia and chest pain. Treatment is reported to be difficult.
Some attacks appear to be caused by GER. Again, a gastroenterologist provides
treatment.

TRAUMA

HEAD TRAUMA

Trauma to the head may be classified as ‘open’ or ‘closed’. Open head injuries are
those where the brain or meninges are exposed, whereas closed head injuries are
those where the meninges are intact even though the skull may be fractured. Follow-
ing trauma to the base of the skull, implicating damage to the cranial nerves or their
nuclei, sensory and motor aspects of swallowing may occur. Despite the diversity of
the head injury population, this group presents at risk for dysphagia due to concomi-
tant variables:

 depressed level of consciousness;
e direct trauma to the cranial nerves, their nuclei or pyramidal pathways; and
* cognitive deficits.

The incidence of cranial nerve injury in head trauma ranges from 5% to 23% (Pil-
itsis and Rengachary, 2001). Fortunately injuries related to the trigeminal, facial,
glossopharyngeal, accessory, vagus, and hypoglossal nerves are rare. The most com-
monly injured cranial nerve is the olfactory nerve, with a reduction in the ability
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to smell affected in 5% to 10% of head injuries, being mainly related to frontal or
occipital blows or fractures of the cribriform plate. Approximately 40% of indi-
viduals are reported to recover their sense of smell post head injury (Pilitsis and
Rengachary, 2001).

Individuals with head injury are also at risk of pulmonary and gastrointestinal
complications. Aspiration pneumonia and gastritis are typically reported complica-
tions of head injury. Risk factors for aspiration pneumonia include depressed level
of consciousness, nasotracheal/nasogastric tubes, impaired swallowing and trache-
ostomy (Pilitsis and Rengachary, 2001). Tracheostomy and swallowing are covered
later in this chapter. Individuals with severe brain injuries have heightened caloric
needs secondary to metabolic responses to the injury and energy expenditure. As a
result it is important to address issues that interfere with oral intake as expediently
as possible (Mackay et al., 1999).

Swallowing impairment after head injury has been reported to be as high as 60%
(Morgan and Mackay, 1999; Pilitsis and Rengachary, 2001). Loss of bolus control
and reduced lingual movement/control are the most frequent abnormalities identified
in this population (Lazarus and Logemann, 1987; Mackay et al., 1999). Prolonged
oral transit, delayed initiation of the swallowing reflex and reduced pharyngeal con-
tractions have also been reported. Individuals will often present with combinations
of problems also (e.g. poor tongue control plus delayed swallow reflex initiation)
(Lazarus and Logemann, 1987). The common oropharyngeal abnormalities asso-
ciated with head injury are (Lazarus and Logemann, 1987; Mackay et al., 1999;
Morgan and Mackay, 1999):

« abnormal oral reflexes;

e reductions in range of motion of the tongue or coordination of tongue
musculature;

« reduced base of tongue strength;

« increased muscle tone of the oral musculature;

« reductions in labial strength;

« reduced soft palate function;

« delay in triggering the pharyngeal swallow;

« abnormal pharyngeal constrictor activity;

 reduced pharyngeal sensation;

 reduced laryngeal excursion.

Note also that in individuals with head injury, the incidence of aspiration is reported
to be as high as 41% (Morgan and Mackay, 1999). Where oropharyngeal dysphagia
is implicated, aspiration most commonly occurs during the swallow, with aspiration
before the swallow being the next most common pattern. Aspiration after the swal-
low has been found to occur to a lesser extent (Mackay et al., 1999). Individuals are
at risk of aspiration even before hospitalization, mainly from loss of consciousness
resulting in an inability to protect the airway and then subsequent aspiration of gas-
tric contents. Individuals with a severe head injury are more at risk of developing
aspiration pneumonia.
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Note, that not all individuals with an early onset of pneumonia have a swallowing
disorder (Morgan and Mackay, 1999). The clinician should be careful not to over-
interpret oropharyngeal signs. Risk factors for abnormal swallowing include:

 low admitting Glasgow Coma Score (GCS);
 severe admitting cognitive deficits;

« presence of tracheostomy; and

« ventilation time >2 weeks (Mackay et al., 1999).

Deficits in physical strength, swallowing ability and dynamic balance on acute re-
habilitation admission have been found to predict the need for assistance for up to
1 year after discharge. For individuals with impaired swallowing on rehabilitation
admission, 45% are reported to require continued assistance at discharge, and 15%
require assistance 1 year after brain injury (Duong et al., 2004). While the treatment
for mobility and self-care after brain injury are the conditions most readily consid-
ered for rehabilitation, rehabilitation of the ability to eat and drink is not as obvious,
yet it is critical for individuals to continue to thrive and for socialization. Individuals
who have suffered a traumatic brain injury are significantly less active in social and
recreational activities than individuals without a disability (Brown et al., 2003). The
key contributing factors to this reduction in social participation were found to be de-
pression and fatigue. The clinician should be aware of both of these features as they
will have an impact on motivation and resilience for rehabilitation of swallowing.

Non-oral supplementation is often required for individuals who present with
dysphagia following a head injury. Even in individuals where swallowing has been
relatively preserved, 2 to 3 weeks of non-oral supplementation has been reported, in-
creasing to 8 weeks non-oral supplementation in individuals with dysphagia (Mackay
etal., 1999). Individuals with dysphagia, who are intubated, may take approximately
one month to begin oral intake (Mackay et al., 1999).

Cognitive sequelae of head injury may also affect the ability to swallow safely.
Some of the cognitive deficits encountered include problems of motor planning,
integration and execution of information, and faulty judgement. The deficits may
lead to inappropriate bolus sizes or food and fluid ingestion rates (Feinberg, 1993).
Poor attention, concentration and reduced auditory comprehension may further re-
duce safe swallowing. It has been suggested that cognitive levels affect not only
the time at which an individual begins oral intake, but also an individual’s ability
to tolerate a full oral diet (Mackay et al., 1999). Halper et al. (1999) state that the
speech pathologist should treat not only the physiology of swallowing but also the
cognitive-communication and behavioural manifestations of head injury in order to
achieve resolution of dysphagia. A severity scale for cognitive-communicative skills
is included in Table 9.5.

DIRECT LARYNGEAL TRAUMA

It is possible for the larynx to be traumatized during intubation (e.g. endotracheal
intubation) or by external trauma of the neck. In these conditions the cricoarytenoid



268 DYSPHAGIA: FOUNDATION, THEORY AND PRACTICE

Table 9.5 Cognitive-communication skills severity scale (Halper et al., 1999: 493)

Severity rating Cognition and communication features

Severe * No functional communication is possible due to severe deficits of

behaviour and cognition.

Functional communication is inconsistent.

» Behavioural and cognitive problems are conspicuous.

Functional communication is present in simple, familiar contexts.

* Behavioural and cognitive deficits interfere with accuracy and

appropriateness.

Generally accurate and appropriate communication occurs in

everyday contexts.

* Obvious errors are present in more complex contexts due to
cognitive problems.

Moderately severe

Moderate

Mild-to-moderate

Mild ¢ Communicates in a full range of ordinary contexts, but with
inconsistent accuracy or appropriateness due to cognitive
problems.

Minimal ¢ Communicates in a full range of adult contexts, although subtle

deficits in cognition are present.

joint may become subluxed. The patient may present with hoarseness, poor vocal
fold mobility and malpositioning of the arytenoid cartilages (Ulug et al., 2003). Vo-
cal fold mobility deficits and poor arytenoid positioning may affect the individual’s
ability to protect the airway during swallowing. Aspiration during the swallow is
then a possibility. Careful examination, potentially using both videofluoroscopy and
endoscopy may provide the clinician with information to determine an appropriate
treatment plan. Team collaboration with an ENT specialist is also recommended.

RESPIRATORY

CHRONIC OBSTRUCTIVE PULMONARY DISEASE (COPD)

Chronic obstructive pulmonary disease (COPD) is an often described but poorly
defined medical term applied to individuals presenting with chronic bronchitis,
emphysema or a combination of both (Martin-Harris, 2000). The commonality in
diagnosis is airflow obstruction. The COPD population present as a group that is im-
plicated in underdiagnosed dysphagia (Coelho, 1987; Good-Fraturelli et al., 2000).
Good-Fraturelli et al. (2000) reported that only 4% of their facility’s COPD out-
patients were referred for radiological assessment of swallowing, yet 85% of those
referred for investigation of swallowing disorders were found to have some degree
of dysphagia. Stein et al. (1990) concurred that dysphagia may be as high as 84% in
patients with moderate-severe COPD who have had frequent infective exacerbations.
Good-Fraturelli et al. (2000) also reported that evidence of laryngeal penetration or
aspiration was observed in more than half their patients with COPD.



CONDITIONS ASSOCIATED WITH DYSPHAGIA 269

The nature of the dysphagic symptoms in patients with COPD predisposes them
to increased risk of aspiration. Their deficits fall into three broad areas:

» abnormal eating/swallowing behaviour characterized by aerophagia, anxiety dur-
ing mealtimes, dyspnea, hypoxia, reduced appetite, frequent expectoration of mu-
cus, and fatigue;

e altered mechanisms for airway protection characterized by delayed initiation of
pharyngeal swallow, delayed laryngeal closure, premature laryngeal opening, pre-
ponderance of pharyngeal residue, and diminished pulmonary defence mecha-
nisms; and

e impairments in swallowing efficiency characterized by slow and effortful bolus
preparation, channelling of food into the pyriform sinuses, oropharyngeal xerosto-
mia, pharyngeal residue and slow oesophageal clearance (Martin-Harris, 2000).

Moreover, patients with COPD present with alterations in swallow-respiratory co-
ordination (Shaker et al., 1992; Good-Fraturelli et al., 2000; Mokhlesi et al., 2002).
There is a highly developed synchrony between respiration and swallowing that is
crucial for the safe transit of food to the stomach. Incoordination results in a danger-
ously high risk of penetration and aspiration. As noted in Chapter 4, healthy indi-
viduals exhale prior to swallowing, have a period of apnoea during the swallow to
protect the airway, and then recommence respiration in the expiratory phase (Selley
et al., 1989). Individuals with COPD interrupt the inspiratory phase to swallow and
recommence respiration in the inspiratory phase of respiration (Shaker et al., 1992).
This population has been reported to have post-swallow pharyngeal residue, hence
an inhalation immediately after the swallow will only serve to draw this material di-
rectly into the bronchial tree. A heightened predisposition to aspiration, in combina-
tion with an already weakened pulmonary system, places this population at serious
risk for life-threatening complications. Langmore et al. (2002) reported that COPD
is the second strongest predictor of aspiration pneumonia in nursing home residents.
Shaker et al. (1992) have reported that swallow-respiratory coordination in the basal
state of COPD is significantly different from its presentation during an acute exacer-
bation. Note that a recent history of smoking or COPD also shows the presentation
of impaired mucocilliary clearance and a reduced cough reflex. The cough reflex is
an important protective mechanism in the event of aspiration. Failing that, mucocil-
liary clearance would usually attempt to clear the aspirate. Note that both mecha-
nisms are defective in individuals with COPD (Kikawada et al., 2005).

The COPD population also presents with a medley of other characteristics that
affect not only their swallowing status but also their nutritional status in a vicious
cycle. Martin-Harris (2000) reported that the COPD group are often malnourished
and have a high metabolic rate. These patients expend a lot of energy simply in
breathing. The energy needed to breath, therefore, increases their metabolic rate,
and thereby increases their caloric needs. The COPD group need to eat enough to
meet their heightened caloric needs, yet Martin-Harris (2000) also documented that
COPD patients complain that eating is tiring. She suggested that the physiological
load placed on COPD patients during eating and drinking puts further stress on an
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already compromised respiratory system during mealtimes. Note also that the COPD
group present with xerostomia, poor dentition and purulent sputum (Martin-Harris,
2000). Harding (2002) suggested that episodes of microaspiration may predispose
this group to the introduction of bacteria into the upper airway. If oral hygiene is
poor, an acute exacerbation of symptoms may be triggered by microaspiration of
‘bad’ bacterial flora from the oral cavity.

CLINICAL IMPLICATIONS

The clinician will need to be fully aware of the interrelationship between swallowing
and breathing. Individuals with COPD present with reduced swallow-respiratory co-
ordination. Given a choice of breathing or swallowing, individuals choose to breathe.
The clinician needs to work closely with the dietitian to ensure these individuals main-
tain optimal weight, considering that oral input may be limited in quantity and slow.
The clinician may wish to recommend small frequent meals, ceasing oral intake when
there is noticeable fatigue. In addition, attention to good oral hygiene is important to
reduce the likelihood of aspirating infected oral microflora. Although it may seem
logical to implement some of the airway protective manoeuvres for this population,
techniques such as the supra glottic swallow are often not appropriate as they place
too much stress on the respiratory system, rapidly depleting respiratory reserve.

GENERAL MEDICINE

SCLERODERMA (SYSTEMIC SCLEROSIS)

Systemic sclerosis is a multisystem syndrome causing inflammation, fibrosis and
vascular damage to the skin, and internal organs. The gastrointestinal tract, lungs,
heart and kidneys are most often involved. ‘Scleroderma’ is a descriptive word for
the involvement of the skin and means ‘hard skin’. It is an uncommon disease with
an annual incidence reported to be 12 in 1 million (Axford, 2004). It predominantly
affects females and is most common in the 30- to 50-year age bracket (Axford,
2004). Skin thickening and hardness is a characteristic feature. If scleroderma oc-
curs on the face, the result is thickened skin that is tightly tethered to the underlying
fascia and a loss of subcutaneous fat (Korn, 2004). The extent of facial scleroderma
may impinge on the oral preparatory phase of swallowing. The layering of external
skin may also occur internally in the form of mucosal layering, such as in the gas-
trointestinal tract. Oesophageal disorders have been noted, including hypomotility,
severe gastroesophageal reflux, loss of lower oesophageal sphincter function and at
times oesophageal strictures and ulcers (Korn, 2004). Regurgitation (i.e. oesopha-
geal reflux) and aspiration, malabsorption and pseudo-obstruction are complications
of the gastrointestinal component of systemic sclerosis. Malabsorption has been
linked with bacterial overgrowth. If the gastrointestinal system has been severely
affected, progressive weight loss is likely. Fatigue and malaise are common.
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SJOGREN’S SYNDROME

Sjogren’s syndrome is a chronic autoimmune disorder. It primarily affects the exo-
crine glands (eyes, mouth, respiratory system, gastrointestinal system, kidneys and
skin), by destruction of the lachrymal and salivary glands. In addition, it affects the
musculoskeletal system, thyroid, nervous system and blood vessels. Ninety-five per
cent of individuals affected are female, and the syndrome most commonly presents
between ages 30 and 50 years (Axford, 2004).

Salivary involvement is common in Sjogren’s syndrome, and is usually unilateral
and episodic. There is a reduction in salivary flow leading to oral dryness. Indi-
viduals with an acute exacerbation may experience lip cracking or ulceration, oral
soreness, fissuring and ulceration of the tongue, atrophy of the oral mucosa, second-
ary candida and dental disease (Axford, 2004). These symptoms of reduced salivary
involvement will have an effect on the individuals’ ability to bind the bolus orally
and also to initiate the swallow reflex. Try swallowing rapidly three times in a row.
Now try swallowing again. Without saliva in the oral cavity, it is very difficult to
initiate a swallowing reflex. Gastroesophageal reflux is also associated with salivary
gland dysfunction. Xerostomia may be treated with artificial saliva, fluoride treat-
ment and frequent dental care. Chapter 6 provides further details related to saliva
management. Note also the gastrointestinal complications of Sjogren’s syndrome.
Mild dysphagia or chronic gastritis has been noted in individuals with this condi-
tion (Axford, 2004). Individuals presenting with Sjogren’s syndrome should also
be reviewed by a pharmacist to determine whether any medications they are tak-
ing have anticholinergic properties (symptoms include dry mouth and eyes) because
these should be avoided where possible. Individuals with Sjogren’s syndrome are
also at risk of chronic bronchitis due to dryness of the tracheobronchial tree and also
chronic obstructive pulmonary disease (Merkel, 2004).

SURGICAL

HEAD AND NECK SURGERY

Swallowing difficulties as a result of surgery to the head and neck region are directly
related to the location and extent of the surgery. Swallowing deficits may accompany
the following types of head and neck surgery: (a) partial tongue resection; (b) near
total glossectomy; (c) anterior floor of mouth composite resection; (d) tonsil/base of
tongue composite resection; (e) hemilaryngectomy; (f) supraglottic laryngectomys;
(g) total laryngectomy; (h) pharyngeal resection, and (i) radiation therapy to the
oral cavity and neck. For profiles (a) to (d) the most common sequelae are lingual
and pharyngeal disorders. The extent of the resection and the nature of any recon-
struction determine the severity of resulting swallowing problems. Pharyngeal stage
problems may also present in laryngectomy-related cases.

Oropharyngeal swallowing disorders are frequently reported as a consequence of
head and neck cancer, with dysphagia present in up to 50% of head and neck cancer
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survivors (Gillespie, Brodsky et al., 2004). Research shows that speech and swal-
lowing function of surgically treated oral and oropharyngeal cancer patients does
not improve progressively between one and 12 months post surgery. In fact some
individuals may worsen at 6 months after surgery, although this may be related to
the effects of radiation treatment (see below). In general, the level of functioning that
was evident at 3 months after surgery was characteristic of these patrients’ status
one-year after surgery (Pauloski, et al., 1994). In addition, Ward et al. (2002) found
that even three years after surgery 42% of laryngectomy and 50% of pharyngolaryn-
gectomy patients continued to experience dysphagia requiring dietary modification.
Campbell et al. (2004) reported that nearly half of non-laryngectomized individu-
als, experienced aspiration 5 years or more after treatment and, of those, half again
showed inadequate protection of the airway. Campbell et al. (2004) also found that
individuals who aspirated were likely to have had a mean weight loss of 10 kg,
whereas individuals who did not aspirate had gained approximately 2 kg. Persistent
weight loss in long-term head and neck cancer survivors should alert the clinician to
possible aspiration (Campbell et al., 2004).

Despite the knowledge that swallowing is frequently impaired after surgical treat-
ment for oral cancer, few investigations have defined specific effects of particular
surgical interventions (Logemann et al., 1993; Pauloski et al., 1994). In addition, the
various combinations of surgical procedures for head and neck subjects make them
a highly heterogeneous group. There are:

¢ a wide range of head/neck sites;
« differences in the extent of resection, and
« differences in methods of reconstruction.

Logemann et al. (1993: 918) point out that these issues make it difficult for any
‘single institution to access and study a homogenous group of patients in any single
resection/reconstruction category.” This has implications for signs and symptoms
of dysphagia following surgery to the head and neck. Individuals undergoing sur-
gery of the head and neck region are truly unique. While some generalities can be
made, the presentation of any dysphagia will be entirely idiosyncratic. Treatment
must acknowledge the individual nature of dysphagia in the head and neck surgery
population.

ORAL SURGERY - GENERAL

In general, in individuals who have undergone base of tongue resection or those who
have undergone anterior tongue and floor of mouth resection, swallowing function
is noted to deteriorate after surgery and show little improvement 3 months after
surgery (Logemann et al., 1993). Oral and pharyngeal stage deficits are both im-
plicated. Stachler et al. (1994) also found no significant difference in swallowing
ability of anterior versus posterior surgical resections. Individuals in this group were
also noted to have more difficulty swallowing viscous boluses (Logemann et al.,
1993). In a review of a heterogenous group (lesions of the tongue, oropharynx and
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floor of mouth), Pauloski et al. (1994) found that aspiration occurred in only 3% of
cases. Aspiration can occur before, during or after the swallow. For individuals who
have undergone oral surgery, aspiration after the swallow (of pharyngeal residue)
occurs most frequently. Treatment for oral phase disorders may include:

 range of motion exercises;
 sensory enhancement to promote the swallow reflex;
« supraglottic swallow technique or effortful swallow;
« alterations to head posture.

Treatment will need to be tailored to the individual’s presenting symptoms and
physiology.

Laryngeal surgery — general

Individuals who undergo a supraglottic laryngectomy are at high risk for dysphagia
and aspiration post surgically. Supraglottic laryngectomy involves resection of the
epiglottis and aryepiglottic folds and false vocal folds, as well as most or all of the hy-
oid bone. The removal of these structures robs the patient of some of the mechanical
airway protection mechanisms as well as skeletal support for laryngeal suspension
(Logemann et al., 1994). Post-surgically, these individuals present with difficulties
relating to airway closure. Aspiration is common in at least 50% of individuals in
the first month post surgery. Aspiration typically occurs during the swallow but may
also occur after the swallow from post swallow pharyngeal residue (Logemann et
al., 1994). Non-oral feeding or supplementation is common for at least two weeks
post surgery (Logemann et al., 1994; Grobbelaar et al., 2004). Critical factors asso-
ciated with recovery of swallowing function were found to be achievement of:

« airway closure at the laryngeal entrance (i.e. arytenoids to base of tongue contact);
and

» movement of the tongue base to make complete contact with the medializing pha-
ryngeal walls on swallowing.

Recommended therapy included:

« teaching the supraglottic or super-supraglottic swallow techniques;

* exercises to improve bolus propulsion;

e exercises to improve posterior base of tongue movement (e.g. Masako
manoeuvre);

* exercises to improve anterior tilting of the arytenoid cartilages, and

 changes to head posture or positioning.

Swallowing difficulties have also been reported following total laryngectomy. The
mechanism for this may be due to (a) formation of a pseudo-epiglottis by scar tis-
sue at the base of the tongue, or (b) stricture from tight closure of residual pharyn-
geal mucosa in the case of partial pharyngectomy. In the case of pharyngolarynge-
ctomies where a piece of jejunum is used to replace the pharynx, it is possible to
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Table 9.6 Swallowing disorders associated with laryngectomy, partial laryngectomy and
glossectomy

Laryngectomy

* No risk of aspiration (unless leakage via a fistula or leakage via a voice prosthesis).

¢ ‘Pseudo epiglottis’ caused during surgery can trap foods and fluids in the pharynx,
preventing them from being swallowed.

e Strictures that narrow the oesophagus can cause dysphagia.

» Graft dysfunction in pharyngolaryngectomy patients.

o Where jejunum has been used to ‘replace’ the portion of the pharynx removed:
= Strictures at the top or bottom anastomoses of the graft can cause dysphagia.
= Reverse peristalsis can occur.

Partial laryngectomy
o T risk of aspiration.

o | airway protection due to loss of laryngeal structures.
o | pharyngeal contraction.

Glossectomy

« | bolus control and chewing.

« T oral transit time.

¢ Premature loss of bolus into pharynx causing aspiration risk.

« | base of tongue movement.

¢ Delayed pharyngeal swallow reflex.

* Potential for | laryngeal excursion if intrinsic muscles of tongue have been resected
(due to interplay between floor of mouth to hyoid connections).

have reverse peristalsis action, whereby material swallowed is then regurgitated by
the persitalsitic jejunum back towards the mouth. Nutrition is compromised in this
case. Aspiration is possible in individuals who have a laryngectomy in addition to a
puncture to allow a voice prosthesis to be used. The puncture site houses the voice
prosthesis, but also allows a communication between the respiratory system and
the oesophagus. An ill-fitting voice prosthesis may allow aspiration of material into
the stoma and hence the lungs. Some broad information relating to presentation of
dysphagia following laryngectomy, partial laryngectomy and glossectomy can be
found in Table 9.6.

Psychological sequelae to head and neck surgery

There are also psychological sequelae to head and neck surgery. Moderate to severe
dysphagia complications after treatment of head and neck cancer are significantly
associated with poor quality of life (Nguyen et al., 2005). Patients experience anxi-
ety and depression related to their dysphagia. These in combination with weight loss,
pain and speech deficits affect their general wellbeing. Management of the dysphagic
patient following head and neck surgery requires a team approach. Individuals may
require nutritional support, pain control, antidepressive medication, counselling in
addition to speech and swallowing rehabilitation.
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Radiation therapy and chemotherapy

Apart from surgery, radiation therapy and chemotherapy are the primary treatments
used in head and neck cancer management. In combination, the surgery, and chemo-
therapy and radiation therapy result in a series of long-term side effects, which in-
clude xerostomia, dental decay, numbness, tissue loss, loss of taste and tissue fibrosis
(Campbell et al., 2004). These factors are implicated in the development of dysphagia
post therapy. Significant weight loss is a very real effect of dysphagia post radiation or
chemotherapy (Grobbelaar et al., 2004). Radiotherapy is often provided after surgery
and after healing of the surgical wound as it tends to devascularize tissue, making
healing after surgery more difficult (Logemann, 1998). Chemotherapy is an adjunct
treatment used in conjunction with radiotherapy. It is used to control regional and
metastatic disease, rather than to treat the primary tumour (Logemann, 1998).
Ionizing radiation aims to reduce tumour size but has the unfortunate effect of
damaging normal tissue located in the radiation field (Guchelaar et al., 1997). Oral
sequelae of radiotherapy of the head and neck region will likely include damage to:
the salivary glands, oral mucosa, bone, teeth, masticatory muscles and temporo-
mandibular joints. Of these the most distressing is often xerostomia, which results
in oral discomfort (fissures of the lips and tongue), decreased perception of taste,
difficulty with oral functioning (chewing and speaking) and difficulty initiating a
swallow reflex. Changes in oral microflora also results from reduced salivary flow,
and this plays a part in associated increases in dental caries and periodontal disease
(Guchelaar et al., 1997). Both of these factors have been implicated in the develop-
ment of aspiration pneumonia (Langmore et al., 1998). Loss of salivary flow means
that oesophageal pH remains elevated, and this may contribute to the development of
GER (Guchelaar et al., 1997). There is a 50% to 60% reduction in salivary flow that
occurs during the first week of radiation treatment. During this time the saliva be-
comes thick and mucoid. Mucosal alterations (i.e. mucositis) such as inflammation,
atrophy and ulceration are also a common consequence of radiation therapy. Unfor-
tunately the effects are also long lasting. Treatment for radiation-induced xerostomia
may include moistening agents (chewing sugarless gum, frequent sips of water etc.),
saliva substitutes (commercially available), medication to improve salivary flow
(sialagogues) or surgery where the submandibular salivary gland is transferred into
the submental space (Rieger et al., 2005). Often, though, the moistening agents and
saliva substitute treatments only offer temporary relief. The surgical approach has
shown success not only in maintaining salivary flow rate but also improving food
transport efficiency through the mouth and into the pharynx (Rieger et al., 2005).
Other permanent effects of radiotherapy include trismus, fibrosis of tissues ir-
radiated (e.g. pharynx or larynx) and potentially pharyngeal stenosis (Pauloski et
al., 1994; Nguyen et al., 2005). Structures most likely to be damaged by intensive
radiation and chemotherapy include the pharyngeal constrictors and the muscles of
the glottis and supraglottis, resulting in dysfunction and loss of elasticity (Eisbruch
et al., 2004). A reduction in laryngopharyngeal sensation has also been implicated,
which plays a major role in risk for aspiration (Eisbruch et al., 2004). Cranial nerve
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Table 9.7 Chemotherapy and radiation effects on swallowing

Radiotherapy Chemotherapy

e Oedema and swelling of tissues (can * Mucositis (reddened and aggravated
affect tongue mobility and ability to retain mucosa).
dentures). ¢ Pain on swallowing.

e Scarring and fibrosis * Nausea and vomiting reduces desire for
o | tongue mobility oral intake.

o | pharyngeal contractions

o | laryngeal excursion.

Xerostomia.

Mucositis (reddened and ulcerated mucosa)
o aggravated by spicy or citrus flavours

© pain on swallowing

{ Taste.

Impaired jaw function (reduced mouth
opening).

¢ Delayed pharyngeal swallow.

Source: Lazarus (1993); Lazarus et al. (1996).

palsies have also been implicated as a complication of radiotherapy for nasopha-
ryngeal cancer. The vagus and hypoglossal nerves are commonly affected (Nguyen
et al., 2005). A summary of radiation and chemotherapy effects on swallowing are
included in Table 9.7.

Cardiac surgery

Individuals who undergo cardiac surgery are also at modest risk of developing dys-
phagia. Ferraris et al. (2001) found that approximately 3% of patients (n = 1,042)
presented with frank oropharyngeal dysphagia post cardiac surgery. The authors sug-
gest that the prevalence figures may well be higher, as only patients who showed ob-
vious signs of swallowing were included, meaning that silent aspirators are unlikely
to have been included in the group. Individuals undergoing cardiac surgery who
were most likely to develop oropharyngeal dysphagia postoperatively included:

« older individuals (e.g. 71 years versus 62 years);

« individuals with diabetes;

« individuals with renal insufficiency;

« individuals with hyperlipidemia;

« those with preoperative congestive heart failure; and

« individuals having non-coronary artery bypass procedures.

Anterior cervical spine surgery

Anterior cervical spine fusion has been used to treat infections, vascular disease,
tumours and degenerative diseases of the cervical spine (Grisoli et al., 1989).
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Post-operative dysphagia is reported in the literature (Stewart et al., 1995). Swal-
lowing difficulties associated with this procedure include: impaired pharyngeal
contraction in the proximity of the surgical site; reduced laryngeal closure, re-
duced epiglottic inversion and reduced opening of the upper oesophageal sphinc-
ter (Martin et al., 1997). Complications arising from surgery (oedema, tissue tear,
haematoma, infection and deinnervation) may contribute to the development of
dysphagia in this population (Buckholz et al., 1993).

PSYCHIATRIC DISORDERS

A very small group of individuals may present with fear of swallowing ‘phagopho-
bia’. This is a form of psychogenic dysphagia. Individuals present with a sensation of
being unable to swallow a bolus and sometimes a fear of aspiration (Shapiro et al.,
1997). Associated complaints may include a feeling of throat pressure, constriction
or closure and difficulty initiating the swallow reflex. Some individuals may also de-
scribe the sensation of a foreign body in the throat (see earlier section on mechanical
oesophageal disorders), which is present at rest and not aided by swallowing a bolus.
Unplanned weight loss is also a symptom of this disorder. Diagnosis of phagophobia
can only be made where there are normal head and neck examinations and normal
videofluroscopy or endsocospy results. Individuals with this disorder often have dif-
ficulty managing stress in their lives, and the suggestion has been made that the fear
of swallowing symptomatology is an attempt to channel their anxiety into the bodies.
The speech pathologist may play a part in assuring the patient that there is no true
dysphagia, and then consider referring the individual for psychological support.

TRACHEOSTOMY

The tracheostomy population is cause for special reference. A bedside clinical as-
sessment is used most often in this population due to the difficulties associated with
transporting or positioning them for instrumental assessments. There are entire texts
devoted to the assessment and treatment of the tracheotomized patient (e.g. Dikeman
and Kazandjian, 2003). This text will provide an outline of the assessment and man-
agement of the tracheotomized patient. The speech pathologist’s role in tracheos-
tomy is:

« the assessment of swallowing function;

« treatment and management of swallowing disorders;
» decannulation; and

* voice and communication.

Teamwork in this population is integral. The team involved with the tracheostomized
patient may include: the speech pathologist, ENT, nursing staff, physiotherapist, and
other medical specialties such as neurosurgery. This list is not exhaustive.
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Tracheostomy or tracheotomy: what is it and why is it used?

A tracheotomy is the incision that is made into the trachea through the skin and mus-
cles of the neck. The incision is usually made between the third and fourth tracheal
rings, well away from the true vocal folds to avoid damage to the larynx. A trache-
ostomy is the creation of an opening into the trachea where the tracheal mucosa is
brought into continuity with the skin (Dorlands, 1989). A tracheostomy tube is a
tube made of plastic or stainless steel that is placed into the incision site to ensure
that the ‘opening’ remains open. A relatively small portion of the tube can be seen
on the external surface of the neck, with the larger portion contained within the tra-
chea (see Figure 9.1). Once a tracheostomy tube is placed, the individual breathes in
and out of the tube, not through the mouth. Similarly, coughing causes expulsion of
secretions from the trache tube, not the mouth. Voice cannot be produced (see note
below) as the air from the lungs that would usually cause the vocal folds to vibrate
to cause speech is redirected out of the body at the level of the neck, rather than up
through the cords.
Tracheostomy tubes are usually placed to:

« allow ventilation and oxygentation;

 to maintain an airway that would otherwise close;

* to eliminate airway obstruction (for example oedema that may occur after oral,
pharyngeal or laryngeal surgery);

« to reduce the potential for aspiration (see cuffed versus uncuffed tubes below);
and

* provide access to the airway and lungs for pulmonary toilet.

Tracheostomy tubes may be long term or short term. Long-term trache tubes are
generally made of robust materials including silver, stainless steel or silicone plastic.
Shorter term trache tubes may be made from PVC plastic.

This portion visible at
patient’s neck

Cap, cork, or
button

Canula — housed within the trachca

Figure 9.1 Schematic diagram of an uncuffed tracheostomy tube (note the cap/cork/
button is not usually in place — see text)
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The tracheostomy tube — a walking tour

The tracheostomy tube is a tube that curves gently at an angle of about 45°
(see Figure 9.1). It consists of:

e an obturator;
e acannula; and
* acap, cork, or button.

The obturator is a device that fits inside the cannula (i.e. the tube). The surgeon uses
it during the initial insertion of the trache tube into the incision. It is blunt ended and
projects through the end of the trache tube that sits inside the patient’s trachea. It is
round ended so that during insertion it does not cause unnecessary trauma to the pa-
tient’s tissue and mucosa. Once the trache tube is in situ, the obturator is redundant,
having served its purpose to aid in the insertion process.

The cannula is the trache tube proper. As noted above, a small portion is visible
at the patient’s neck, with the majority of the tube sitting inside the trachea. The
cannula is usually tied in place around the neck with a thin cloth strap. The tube
holds the incision site open and fights the body’s natural urge to ‘heal and close the
incision’. The trache tube may consist of two tubes, one inside the other. These are
known as outer and inner cannulas. The outer cannula remains in the patient’s tra-
chea at all times, whereas the inner cannula can be removed for cleaning purposes.
Not all trache tubes have two cannulas, with many having only one. There is a range
of cannula sizes (e.g. size 4, 6 or 8). These sizes denote the size of the tube opening
(the diameter). The size of the tube can be found on the flange of the trache tube at the
patient’s neck. The size of the trache tube is important. A large diameter tube, (e.g.
size 8) takes up a lot of the available space within the trachea (another tube) whereas
a smaller size tube (i.e. a size 4) takes up less space. Note also that the inner diameter
of the tube is necessarily smaller than the outer diameter (e.g. inner diameter 5 mm,
outer diameter of same tube 7 mm).

The cannula may be cuffed or uncuffed. The cuff is a balloon that fits around
the lower portion of the trache tube. The cuff can be inflated or deflated. Figure 9.2
shows a schematic drawing of a cuffed trache tube where the cuff is inflated. When
the cuff is inflated it forms a physical barrier between what is above the cuff (i.e. the
larynx, pharynx etc.) and what is below it (the lungs and bronchial tree), with air
passing only through the trache tube. It is like a little rubber tyre that, when inflated,
should only press gently in against the walls of the trachea to seal it off from mate-
rial (food, saliva, blood) that would otherwise enter it from the oral or pharyngeal
regions. When the cuff is deflated, the little balloon/tyre shrinks so that air can pass
around the trachea tube as well as through the trache tube. In addition, material from
the oral or pharyngeal cavities can potentially pass down the sides of the trache tube
and into the trachea and lungs. Because the cuff is inside the patient, we can’t tell by
looking at them whether the cuff is up or down. For this reason, the cuff is connected
via a thin tube to a ‘pilot balloon’, which is attached to the outside of the trache tube.
When the pilot balloon is inflated, the cuff inside the trachea is inflated, when the
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Inner canula

Pilot balloon connected to
Fenestrations cuff. Note trache size
indicated on the balloon
(eg. Size 9.0)

Valve used to inflate
and deflate cuff

| Cuff, housed within trachea

Figure 9.2 Cuffed tracheostomy tube with cuff inflated (note pilot balloon, size etc.)

pilot balloon is deflated the cuff inside the trachea is deflated. The cuff inside the
trachea is inflated or deflated using the pilot balloon. There is a one-way valve on
the pilot balloon to ensure that the air either stays in the cuff or is properly removed
from the cuff. A syringe is typically used to inflate or deflate the pilot balloon, and
hence the cuff.

There are recommendations for the amount of air that should be inserted into the
cuff to ensure that it fills to the point where the cuff touches the tracheal circumfer-
ence without pushing the trachea out of shape by overinflation. Overinflation may
cause damage to the mucosa of the trachea and result in medical complications. The
patient’s treating doctor, nurse or physiotherapist should be consulted to determine
the appropriate amount of air that should be placed into the pilot balloon, often
using the ‘minimal leak technique’. The minimal leak technique is when the cuff
is inflated to the point where air cannot be passed around the trache tube, and then
1 cc to 2 cc of air is removed from the pilot to ensure that the cuff is not irritating
the tracheal wall.

A cuffed trache tube may be used when it is needed for respiratory treatment or if
the patient is at high risk of aspiration. The uncuffed trache tube still allows access
to the lungs for suctioning; however, the patient can still ‘breathe around’ the trache
tube as well as through the tube. Without the cuff, there is no physical barrier to
prevent aspiration. There are different types of cuffs available, varying in the type of
material, shape or fit (Dikeman and Kazandjian, 2003). For example, there is a foam
cuff, which is quite spongy when compared with a plastic cuff. The foam cuff is less
irritating on the tracheal wall when inflated than the plastic cuff. However, it is not
possible to totally deflate the foam cuff as effectively as the plastic cuff.

The cannula or tube may also be fenestrated or unfenestrated. Fenestration comes
from the Italian word finestra meaning ‘window’ (see also Figure 9.2). This simply
means that the trache tube may (fenestrated) or may not (unfenestrated) have a hole
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or ‘window’, in the tube that sits inside the patient’s trachea. When it is present the
fenestration is usually in the curved portion of the tube. The hole in the trache tube
allows the air to pass through the hole (fenestration) to the vocal folds above it. This
promotes vocalization if the trache tube is occluded during voice production trials.
There may be one large hole or multiple smaller holes that form the fenestration.
The fenestration is usually in the outer cannula when there is an outer and inner
cannula present. The inner cannula may or may not also be fenestrated. If it is not
fenestrated, the clinician may take the inner cannula out during therapy to use the
fenestration to good effect. If the inner cannula is fenestrated, care should be taken
when positioning it back into the outer cannula, in order that the fenestrations on the
inner and outer cannulas are aligned. If the fenestrations are not well aligned there
is the possibility of granulation tissue forming over the fenestration. Generally, a
patient with a fenestrated trache tube will be at low risk for aspiration.

The trache tube may also have a cap, cork, button or plug. These are interchange-
able terms that do as they suggest and plug the end of the tracheostomy tube. When
the plug is in place, the air from the lungs must travel up through the trachea, through
the narrow space around the trache tube through the larynx and up via the pharynx,
nasal and oral cavities for speech production. If the patient has an inner and outer
cannula, the inner cannula should be removed before placing the plug onto the trache
tube. The plug is most often used when the patient is getting ready for decannulation
(i.e. removal of the tracheostomy tube). When the plug is in place, the patient can
speak, using the vocal folds as the air is being passed in the usual way from the lungs
up to the vocal tract. Trache tubes can also be occluded momentarily using a gloved
finger. This process would allow the clinician to determine whether the patient can
achieve voice, with the ability to remove the gloved finger from the end of the trache
tube very quickly if the patient becomes distressed (either emotional or respiratory
distress).

Humidification

There is often artificial humidification applied to the trache tube opening in the
neck. A tracheal mask or thermovent may be attached to or placed over the end of the
trache tube. Non-tracheostomized individuals usually breathe air that is humidified
by the nose. In the tracheostomized person, the air enters directly into the pulmo-
nary system, bypassing the nasal cavity. The humidification of air reduces the risk of
drying the respiratory mucosa. By keeping secretions moist, there is a reduced risk
of secretions becoming thick. Moist secretions will also be more easily cleared than
viscous ones.

TRACHEOSTOMY SWALLOWING ASSESSMENT — A VARIATION ON
THE STANDARD BEDSIDE EXAMINATION

Ideally the speech pathologist works as part of a team for swallowing assessment
of the tracheostomized patient. Although institution-specific, usually a nurse or
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physiotherapist will assist during the assessment to provide suctioning. The swal-
lowing assessment should be deferred if there is:

 reduced/fluctuating level of consciousness;

* poor respiratory status;

 poor chest condition;

e poor ability to manage secretions/spontaneous swallow; or
« an ineffective cough.

The team should be consulted to determine whether any of the above conditions ap-
ply. The speech pathologist should be aware of whether the patient requires ventila-
tion support. Oxygen saturation monitoring may be required, or the physiotherapist
may ‘bag’ the patient. ‘Bagging’ is the process of manually providing air to the pul-
monary system by way of a balloon like device. Phases one to three of the bedside
assessment outlined previously should be carried out. The difference between the
bedside examination of a non-tracheotomized patient and one with a tracheostomy
tube lies in two areas: (a) the clinician’s understanding of the differences that the tra-
cheostomy tube makes to respiration, swallowing and phonation, and (b) the actual
process of assessing the tracheostomized patient.
The clinician should determine:

e the size of the trache tube;

e whether it is cuffed or uncuffed;

« fenestrated or non-fenestrated;

 outer cannula only or inner and outer cannula.

If the trache tube is cuffed, the clinician should determine from the team whether it
is possible to deflate the cuff during swallowing trials. If it is possible to deflate the
cuff, the clinician should deflate the cuff while the nurse or physiotherapist simul-
taneously suctions. This occurs prior to any oral trials to ensure that the pulmonary
system is clear. The patient is then given foods or fluids to swallow. The clinician
determines the best texture to start with and the amount tested. Generally small
amounts of thicker substances are tested first, with the patient then suctioned to see
whether any of the material has been aspirated. In order to make it easier to deter-
mine whether the material suctioned has come from the swallowing trial the mate-
rial may be dyed blue. This is known as the Modified Evans Blue Dye Test.

The blue dye test

The blue dye test is an assessment for clients with a tracheostomy tube in situ only.
The client is given fluid or food impregnated with an inert blue dye, obtainable upon
prescription (‘methylene blue’) or food or fluid coloured with blue food colouring.
Saliva may also be impregnated with blue dye. A blue dye is chosen as it provides
a non-organic colour immediately distinguishable from blood, sputum or mucous.
There have been conflicting reports of the validity of the technique (Wilson, 1992;
Logemann, 1994; Thompson-Henry and Braddock, 1995). There is also some
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evidence that clients may experience gastric irritation from food dyes. At present
there is no standardized protocol for this procedure. Speech pathologists who are not
experienced in trache management are not advised to use this test without qualified
supervision.

The Evans Blue Dye Test involves placing drops of blue dye on the tongue every
4 hours and the trachea is suctioned at set intervals over a 48-hour period, with the
secretions monitored for evidence of a blue tinge (Belafsky et al., 2003). The ef-
ficacy of these tests will be discussed further below. The patient may be suctioned
on more than one occasion during the swallowing trials. For example suctioning
may occur after a few trial mouthfuls, and then again later in the assessment. The
clinician should bear in mind that it is possible for material to pool in the pharynx
and that there may be a time delay before the material is aspirated. For this reason
it is advisable to have a delay between testing of different textures of fluids so as not
to confuse the results from one consistency with another. Dikeman and Kazandjian
(1995) suggested that the patient should be suctioned immediately after the trial and
then at 15-minute intervals over a 1 hour period. Clinicians will then often moni-
tor the patient for the remainder of the day. A delay of 2 hours between trials of,
say, thickened fluids and thin fluids may be required to ensure, as far as possible,
that the results refer only to the consistency being tested. The presence of any dye
in the tracheal secretions is monitored accordingly. A ‘positive test’ is the presence
of blue dye in the tracheal suctioning, which indicates that the bolus or secretions
have entered the trachea. A ‘negative test’ is the absence of blue dye in the secretions
suctioned. There are acknowledged problems with the technique. For example, (a)
it is unclear when the person aspirated — before, during or after the swallow, or (b)
why the aspiration occurred, and (c) exactly how much they aspirated. The blue dye
test is also not able to provide information that will aid in swallowing re-education.
The blue dye test should be viewed as part of the information that makes up the
total clinical examination. Dikeman and Kazandjian (2003) also noted that blue dye
could be added to nasogastric or gastrostomy feeds to provide evidence of gastroin-
testinal contents in tracheal secretions. This may provide evidence of reflux which
would require further investigation.

During the clinical assessment of the tracheostomized patient, the patient’s vocal
quality and cough reflex can also be assessed. Momentary occlusion of the trache
using a gloved finger, if it is medically safe to do so and tolerated by the patient, may
assist the patient in producing phonation or a cough. At the conclusion of the swallow-
ing trials, the patient’s cuff should be reinflated, using the minimal leak technique of
institutional recommendations. If the blue dye test is positive, the test should be termi-
nated and another consistency tested if it is logical to do so. If a negative test occurs,
the clinician may proceed with caution to larger volumes and different textures.

Efficacy of the blue dye test

The Evans Blue Dye Test and the Modified Evans Blue Dye test are used as an as-
sessment of swallowing function in tracheostomized patients to ascertain whether
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there is a connection between the oral cavity and the trachea that should not be there.
There have been conflicting results as to the validity of the blue dye test. Wilson
(1992) investigated 20 medical and surgical patients with cuffed tracheostomy tubes
in place and demonstrated that the blue dye test was valid and reliable for determin-
ing aspiration with a liquid bolus, but not for a custard consistency. The results were
compared with videofluorscopy evidence of aspiration. However, Thompson-Henry
and Braddock (1995), in a retrospective study of only five tracheostomy patients,
found that when compared to videofluoroscopy or fibreoptic evaluation of swallow-
ing (FEES), the blue dye test was not as accurate in detecting aspiration.

Belafsky et al. (2003) recently reported a study of 30 tracheostomy patients that
overall sensitivity of the blue dye test was 82%, with a specificity of 38%. The au-
thors found that the sensitivity of the blue dye test improved for patients receiving
mechanical ventilation to be 100%, compared with 76% for individuals not receiv-
ing mechanical ventilation. However, the specificity of the blue dye test in both con-
ditions remained poor. There were, however, some methodological issues with this
research. The gold standard used in this case was FEES; however, the FEES as-
sessment was not carried out until 24 hours after the final administration of the test
bolus. It is very difficult to predict retrospectively what the patient was doing the day
before. The authors themselves state that swallowing safety fluctuates significantly
depending on numerous things, some of which include the time of day, the level of
fatigue, mental status and patient positioning. Donzelli et al. (2001) also investigated
the use of the blue dye test in determining aspiration. These investigators used the
novel approach of inserting an endoscope into the tracheal opening and viewing
upwards towards the vocal folds, and downwards towards the bronchial tree to visu-
ally inspect for evidence of aspiration and compare this to material suctioned from
the trachea. This design is good. However, the researchers only conducted a visual
inspection immediately after the bolus had been swallowed. They were disparaging
of the blue dye test because the suctioning of the tracheal secretions failed to capture
blue dye that had appeared above the stoma site. If the researchers had suctioned
again at 30 and 60 minutes post-trial and had also visualized with each of these,
the results may have been different. This aspect of repeated suctioning at regular
intervals after swallow trials is important to the successful use of the technique. The
authors argued that the blue dye test was better for determining frank aspiration,
than trace amounts.

O’Neil-Pirozzi et al. (2003) conducted an extremely thorough assessment of the
use of the blue dye test for determining aspiration in the tracheotomized population.
The most interesting findings of this study were that aspiration judgements were
more likely to agree when:

» a cuff was deflated than when it was inflated, or when the trache tube was cuffless;
and
 aspeaking valve was worn as opposed to it being unoccluded or buttoned.

There were no significant differences dependant upon the diameter of trache tube,
type of trache tube (fenestrated or unfenestrated), or consistency of bolus tested
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(liquid, nectar liquid, puree). The authors did find pureed solids to be the consist-
ency aspirated most frequently, followed by secretions and thin liquids and finally
thick nectar liquid. O’Neil-Pirozzi et al. (2003) found that the sensitivity of the blue
dye test of 79.3% and the specificity of 61.9%. The positive predictive value was
74.2% and the negative predictive value was 68.4%.

Clearly the blue dye test is not fail safe. However, in acutely unwell individuals
who are often not able to be transported to or able to cope with instrumental assess-
ment, it is an adjunct screening assessment worth doing. Some of the factors that
could make use of the blue dye test more variable include: the amount of dye used,
the type of dye used (e.g. blue food colouring or methylene blue, or other variations
of same), frequency of suctioning after trials, and experience and skill of the person
performing the suctioning of tracheal secretions.

Cuff deflation trials and decannulation — the role of the speech pathologist

As with the swallowing assessment, the speech pathologist works as part of a team
during the process of cuff deflation trials and decannulation. Decannulation is the
removal of the tracheostomy tube. The patient may commence cuff deflation trials
when the medical team deems it safe to do so. The cuff is deflated for set periods of
time that gradually increase until the patient is able to tolerate cuff deflation for 24
to 48 hours. Once this milestone has been reached, in consultation with the team,
the patient may then be a candidate for having his or her tracheostomy tube removed.
The cuff deflation trials are closely supervised for patient distress or inability to cope
(either emotional or respiratory). Cuff deflation trials are also commenced during
the day, with overnight trials the final step of achievement. Some indicators that the
patient may be ready to commence cuff deflation trials are:

 adequate level of alertness;

e clear chest;

« effective cough (i.e. ability to cough up to the trache tube);

 spontaneous saliva swallows;

« infrequent oral or tracheal suctioning (as a guide, frequent suctioning would
be more than once per half hour, however, the clinician should consult team
members);

* no clinical evidence of aspiration.

During cuff deflation trials it is important that the patient be monitored. This is to
ensure that if the patient becomes distressed the cuff can be reinflated. The amount
of time the patient tolerates cuff deflation should also be recorded and the reason or
reasons why the cuff was reinflated should be documented. As the cuff is deflated
and the patient is suctioned, the speech pathologist should note whether the patient
coughs as the cuff is deflated and the amount of secretions suctioned after deflating
the cuff. Either coughing immediately after cuff deflation and/or increased secre-
tions suctioned after cuff deflation may indicate that the patient has been pooling
material above the cuff. Evidence of increasing cough, inability to cope with oral
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secretions, temperature spikes, increased frequency of suctioning or deterioration in
chest condition all indicate that cuff deflation is not being tolerated. Cuff deflation
may not be tolerated for a number of reasons. Some of these include: poor respira-
tory function, upper airway obstruction, a tight fitting or too large trache tube, or
vocal fold dysfunction.

During cuff deflation trials the speech pathologist may also wish to see how the
patient copes with temporary occlusion of the trache so that the normal pattern of
breathing, swallowing and speaking is temporarily resumed. This can be done with
a gloved finger placed over the tracheostomy tube opening. The patient can be asked
to inhale and then attempt to speak or phonate. The speech pathologist can gather
information on effort required during inhalation and voice quality while the tube is
occluded. Concerns regarding vocal fold function (via voice quality) or respiratory
ability with the tube occluded should be promptly referred to an ENT specialist for
further investigation. Patients may also be taught to occlude their trache tube with
their fingers if their cognition is adequate. For longer-term use, the tube may be
corked, capped or buttoned by placing the cork over the tracheal opening. Again the
patient should be monitored closely for signs of distress.

An alternative to corking the tube is to provide a speaking valve. A speaking
valve is a one-way valve that is placed over the end of the trache tube in the same
manner as a cork. It differs in that the patient can still take air directly into the tra-
che tube during inhalation. The valve then closes allowing air to be directed from
the lungs up through the vocal folds so that speech can be made. Patients with thick
viscous secretions or those that require frequent suctioning are not candidates for
speaking valves. Patients who are unable to tolerate cuff deflation trials, or whose
cuff cannot be fully deflated (e.g. those patients with foam-cuffed trache tubes),
are not candidates for the speaking valve. Vocal fold paralysis, unstable medical or
pulmonary status or cognitive affect would also be contraindications for use of the
speaking valve.

After a successful period of cuff deflation trials (24 to 48 hours), plus or minus
occlusion trials, the team may decide to remove the trache tube (decannulation).
Alternatives to decannulation include downsizing the trache tube over a period of
days, or replacing the tube with a fenestrated tube. The rationale for these regimes is
that the trache tube can fill somewhere between two-thirds and three-quarters of the
tracheal space, leaving little space for the patient to ‘breathe around’ the tube when
it is occluded. It also increases the likelihood of respiratory distress if the patient has
an extremely narrow space to breathe through. There is also the risk of medical com-
plications or infections with increased frequency of tube changes. Thompson-Ward
et al. (1999) used a retrospective study to document the decannulation process. They
found that using the 24—48 hours successful cuff deflation method was a reliable
method for indicating when it was appropriate to decannulate the patient. In com-
parison with changing trache tubes and progressively downsizing or changing to a
fenestrated tube, the patient was better off with the new ‘wait and see if they tolerate
it” method. Using the 24—48 hour successful cuff deflation method, the researchers
found the patients had:
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« fewer trache tube changes;
 fewer days with a trache tube in place (5 days fewer);
* no significant increase in recannulation.

Once the trache tube is removed, the wound is covered with a water-resistant dress-
ing. The patient will have to place his or her hand gently over the dressing and apply
pressure to ensure that the air does not escape through the stoma site when coughing,
talking and swallowing. The site generally heals in 4-5 days.

SWALLOWING DIFFICULTIES ASSOCIATED WITH TRACHEOSTOMY
TUBES

The clinician should be aware that there are some swallowing difficulties intimately
linked with having a tracheostomy tube. These include: reduced laryngeal excur-
sion, ‘reduced pharyngeal sensation, reduced cough response, disuse atrophy of
the laryngeal muscles, oesophageal compression by an inflated cuff, and loss of
subglottic air pressure and glottic flow’ (Donzelli et al., 2001: 1746). O’Neil-Pirozzi
et al. (2003) also note that reduced glottic closure may be a feature of the tracheos-
tomized patient. Each of the conditions listed above can affect swallowing physiol-
ogy. The presence of an opening at the neck also affects the ‘valve’ system during
swallowing such that there is ‘leakage’ of the system. The patient requiring ventila-
tion support loses the ability to use the natural swallow-respiratory cycle, with a
pattern of respiration being forced upon them. Other less common complications
include granuloma (an abrasion at the stoma site) and tracheoesophageal fistula
(where the tracheal and oesophageal walls become connected and communicate,
advancing the risk for dangerous aspiration). Tracheoesophageal fistulas can be
caused by overinflating the trache tube so that there is pressure on the tracheal
wall, which is immediately anterior to the oesophageal wall, or a nasogastric tube
that is too large and causes rubbing of the same wall. A fistula will require surgical
closure.

IN BRIEF - TRACHEOSTOMY AND THE PAEDIATRIC POPULATION

Paediatric tracheostomies are more demanding than adult tracheostomies and carry
higher mortality and complication rates (Midwinter et al., 2002). There has been a
change in the common indications for tracheostomy in the paediatric population.
Introduction of endotracheal intubation in the 1970s and 1980s and the introduc-
tion of the haemophilus influenzae type B vaccine has significantly reduced rates
of acute epiglottitis and laryngotracheobronchitis, which had previously been man-
aged by tracheostomy tube (Hadfield et al., 2003). The most common indications
for paediatric tracheostomy now include prolonged ventilation due to neuromuscu-
lar or respiratory problems or subglottic stenosis. Other indicators for tracheostomy
include: tracheal stenosis, respiratory papillomatosis, caustic alkali ingestion and
craniofacial syndromes (Hadfield et al., 2003). Tracheostomies may also be required
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for physiological airway anomalies including neuromuscular disease, head or spinal
cord injury or damage to the central nervous system.

Midwinter et al. (2002) reported that 65% of patients tracheostomized in their fa-
cility were less than one year of age with approximately 30% less than three months
of age at the time of tracheostomy. With advances in medical management of criti-
cally sick and premature infants, their survival rates have improved, which may
explain the percentage of traches in young infants. Midwinter et al. (2002) found
that children who required tracheostomy for acquired subglottic stenosis frequently
required a longer period of cannulation (months or years) than children who re-
quired a tracheostomy for acute upper airway infections (days or weeks). The most
frequent complication for paediatric tracheostomies is granulation formation around
the stoma, with children under one year of age having a higher risk of complication
(Midwinter et al., 2002). The most common complication of decannulation was per-
sistence of tracheocutaneous fistula, the incidence of which was related to the age of
the child (mean age 11.5 months) and longer duration of tracheostomy (mean length
39 months).

Tracheostomy tubes for the paediatric population are by necessity smaller in size
and diameter to accommodate their smaller structures. The average paediatric tubes
appear to commence at 3 mm, and can extend up to 7 mm depending on the brand
purchased. Like the adult tubes, paediatric tubes can be cuffed or uncuffed, fenes-
trated or unfenestrated and come in a range of material types. Speaking valves can
also be attached to paediatric trache tubes.

One of the key differences between adult and paediatric tracheostomies and
speaking valves is a method of explanation that is suitable to the child’s level of
development. There is a range of commercial resources available to assist the clini-
cian in doing this. The clinician should also be aware that children may develop
aversive behaviours towards speaking valves including coughing and breath holding.
The behavioural element in children makes working with tracheostomy tubes in this
population very challenging. Therapy needs to be highly motivational, fun, func-
tional and family-centred. Note that there is also a correlation between tracheostomy
tubes and high risk of speech and language delay or deficit (Arvedson and Brodsky,
1992). More specifically, slow development of sound acquisition, vowel production,
the distinction between voiced and voiceless consonants, and excessive use of im-
mature phonological processes have been associated with children with a history of
trachestomy prior to eight months of age (Kertoy et al., 1999).

Clinical assessment of children with tracheostomy tubes should include a stand-
ard oromotor assessment, assessment of oral reflexes, and clinical feeding evalua-
tion. Blue dye tests are also possible in this population. Intervention typically covers
oral stimulation or desensitization programmes (client specific), taste programmes,
oral trials and carer education sessions. Midwinter et al. (2002) describe their re-
gime for decannulation, which begins with endoscopy to determine patency of the
airway. Once this has been established to be adequate, the tracheostomy tube is
reduced in size. Trache occlusion trials occur as per the adult regime, and a speak-
ing valve could be used if the patient is suitable. Midwinter et al. (2002) then also
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perform endoscopy to again assess the airway immediately prior to decannulation.
The trache tube is removed under general anaesthetic. The child is carefully moni-
tored for tolerance of tube removal for 48 hours. Decannulation regimes will vary
from institution to institution.

MEDICATION AND DYSPHAGIA

The speech pathologist needs to be aware of the effects of administration of certain
types of medications on swallowing function, and also the way in which medications
are provided to individuals with dysphagia. The speech pathologist is not expected
to have expert pharmacological knowledge.

MEDICATIONS THAT CAN INDUCE DYSPHAGIA
There are four main effects of medications on swallowing function:

« those that act as CNS depressants;

 neuroleptic medications that can result in extrapyramidal symptoms;
« those that affect oesophageal disorders; and

« those that affect salivary flow.

A summary is provided in Table 9.8.

CENTRAL NERVOUS SYSTEM (CNS) EFFECTS

Medications such as tranquillizers, narcotic analgesics or barbiturates are CNS
depressants. These sorts of drugs may impair the patient’s level of consciousness
and thereby suppress the protective reflexes necessary for swallow-respiratory co-
ordination (Palmer and Carden, 2003). Antipsychotic medications (e.g. haloperidol)
are often used in the treatment of dementia, and can also have a sedative effect on
the CNS depending on dosage (Stanniland and Taylor, 2000). Other drugs, such
as the anticholinergics, have been linked with constipation, dry mouth, possible
cognitive impairment and confusion, amongst other symptoms (Stanniland and
Taylor, 2000).

DRUG-INDUCED EXTRAPYRAMIDAL SYNDROMES

Neuroleptic medications can cause extrapyramidal symptoms than can affect swal-
lowing. Neuroleptics are also known as antipsychotics and are often used in the
treatment of psychosis and schizophrenia. Neuroleptic-induced Parkinsonism has
been reported to occur in 12% to 45% of individuals, more commonly in the elderly
(Sokoloff and Pavlakovic, 1997). It presents with the features of Parkinson’s dis-
ease, including the disorders of swallowing (described earlier). Fortunately, when
the medication is discontinued the condition resolves; however, resolution may take
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Table 9.8 Drugs that cause dysphagia

Mechanism Drug/drug classification

Xerostomia Anticholinergics
Antihypertensives
Cardiovascular agents
Diuretics
Opiates
Antipsychotics
Antiemetics
Antidepressents
Muscle relaxants
Antihistamines
Reduced lower oesophageal sphincter Theophylline
pressure (increased reflux risk) Nitrates
Calcium antagonists
Anticholinergics
Diazepam
Morphine
Oesophageal injury Antibiotics
Ascorbic acid
Nonsteroidal anti-inflammatory drugs
(NSAIDS) and aspirin
Ferrous sulfate
Prednisone
Potassium chloride
Quinidine
Extrapyramidal effects Antipsychotics
Metoclopramide
Prochlorperazine(risperidone)

Source: Sokoloff and Pavlakovic (1997: 178).

months. There is a general consensus that atypical neuroleptics (e.g. risperidone)
are less often associated with extrapyramidal side effects but this is not always the
case (Sokoloff and Pavlakovic, 1997; Stewart, 2003). Again, once the medication is
discontinued, the condition is eventually reversible.

Antipsychotic medications can also result in an extrapyramidal presentation
known as tardive dyskinesia. This is characterized by abnormal involuntary orofa-
cial movements (e.g. tongue protrusion or increased rate of eye blinking) and persists
despite withdrawal of the antipsychotic medication (Stanniland and Taylor, 2000).
The oral, pharyngeal or oesophageal phases of swallowing may all be disrupted due
to the dyskinetic movement and extrapyramidal symptoms.

OESOPHAGEAL DISORDERS

There are more than 70 drugs that have been implicated in the induction of oesopha-
geal disorders. Capsules or tablets may be delayed in their passage through the
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oesophagus, with direct and acute injury to the oesophagus caused by caustic coat-
ing, chemical concentration including pH, size of the tablet, etc. (Jasperson, 2000).
Patients may present with pain on swallowing. Factors that contribute to drug-
induced oesophageal disorders include fasting, recumbent position, reduced saliva
production, not enough fluid taken with the medication, duration of direct contact
of the medication with the mucosa, pre-exisiting oesophageal disease, age and poly-
pharmacy (Jasperson, 2000). Older individuals are most at risk of drug-induced
oesophagitis due to the fact that older people receive more medications (for multiple
medical problems), they spend more time in a recumbent position, they produce less
saliva, and may be prone to forgetting doctor’s instructions on correct ingestion of
the tablet/capsule (e.g. sufficient water) (Jasperson, 2000). Hyper or hypo oesopha-
geal sphincter disorders will also predispose the individual to oeosphageal injury.
Note that in the case of pharyngeal motility disorders, it is equally possible for oral
medications to collect in the valleculae or pyriform sinus post swallow, causing sim-
ilar local damage to the pharyngeal mucosa. Drugs that reduce lower oesophageal
sphincter tone include: theophylline, calcium channel antagonists, benzodiazepines,
nonsteroidal anti-inflammatory drugs (Kikawada et al., 2005).

SALIVARY FLOW

Drugs that are known to reduce salivary flow include: tricyclic antidepressants, an-
tiparkinsonian drugs, diuretics, neuroleptics, antiemetics, antihypertensives, and
antihistamines. A reduction in salivary flow allows favourable conditions for the
growth of pathogenic oral microflora and an increase in dental and periodontal dis-
ease (see also section on effects of radiation and chemotherapy in this chapter).

ADMINISTRATION OF DRUGS TO INDIVIDUALS WITH DYSPHAGIA

The speech pathologist has a role in liaising with medical staff in ensuring that
medications are provided safely to individuals with dysphagia. It makes little sense
to provide an individual on a vitamized diet and full thick fluids with tablets, cap-
sules, or even ‘thin liquid’ medications. Individuals with facial palsy may pocket the
tablet in the buccal region, which may cause discomfort as the tablet dissolves, or
else presents as an aspiration risk. Where there is any concern, the speech patholo-
gist should liaise with pharmacy and medical staff to ensure the patient’s safety.
Note also that it may not be possible to crush some tablets as it destroys enteric
coating and allows premature exposure of the contents to regions for which they
are not intended (e.g. the pharynx). Some tablets may not be able to be carried in a
jam bolus or thick liquid bolus for similar reasons. Inability to comply with, or poor
compliance with, medications is also not in the best interests of the patient. Morita
(2003) has developed a ‘deglutition aid jelly’ which changes ‘all solid preparations
into gelatinous dosage form preparations’. Caution is required, however, in that not
all medications may be suitable for this type of transformation. Collaboration with a
pharmacist and treating doctor is advised in all cases.
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10 Developmental Disability and
Swallowing Disorders in Adults

JUSTINE JOAN SHEPPARD

THE POPULATION

The adult with developmental disability has a chronic disorder that may include mental
and physical impairments. The onset of the disorder is prior to adulthood, 22 years
old by US statute, and is often apparent at birth or in early childhood. Developmental
disabilities include intellectual disability (mental retardation), serious emotional
disturbance, autism, sensory impairments, traumatic brain injury, physical and health
impairments, and combinations of impairment categories referred to as multiple
disabilities. The level of severity must be such that there are significant, lifelong needs
for support in multiple functional domains. These include self-care, communication,
learning, mobility, and capacity for independent living. In the US, prevalence of
developmental disability, including both paediatric and adult individuals, is estimated
to be 1.2% to 1.65% of the total population (Crocker, 1989; MacFarland, 2003).
Databases and classification criteria vary among nations, making it difficult to compare
prevalence statistics. The difficulties were illustrated in a study of the prevalence in
Finland of intellectual disability (ID), a subset of developmental disability (DD), in
which the prevalence estimates of various registries were compared. The estimates
ranged from 0.6% to 1.7% dependent on the methodology (Westerinen et al., 2004).

CHARACTERISTICS OF DISORDER

The prevalence of swallowing and feeding disorders is higher in developmental dis-
ability at all ages than in typical populations. It is estimated that 27% to 40% of chil-
dren with cerebral palsy have dysphagia (Love et al., 1980; Waterman et al., 1992)
with 85% to 90% expected to have feeding and swallowing problems at some time
in their lives (Reilly et al., 1996). The prevalence of behavioural problems associated
with the dysphagia may be as high as 80% (Burklow et al., 1998).

In a study of 575 adults with ID and/or DD nourished by oral feeding in residential
care Sheppard and Hochman (1989) found 49% with chronic, oral and pharyngeal,
swallowing and feeding disorders of sufficient severity to require individualized, daily
care plans for meals and snacks. Ten per cent of this population suffered nutritional
deficits and respiratory disorders associated with their dysphagia. Good nutritional
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and respiratory health was maintained for the remaining individuals with dysphagia
through a team approach for prescriptive, individualized mealtime plans and ongoing
monitoring. Rogers and colleagues (1994) found that, among adults with developmen-
tal disability who aspirated, 65% exhibited mealtime respiratory distress and 55% had
chronic lung disease. Oral preparatory stage swallowing involvement was a poor pre-
dictor of aspiration. Aspiration was associated significantly with delayed initiation of
swallowing and pharyngeal dysmotility. Kurtz, and colleagues (1998) reported on 21
individuals with I/DD and dysphagia who had been nourished by enteral tubefeeding
for 6- to 61-months. Twelve of the 19 surviving Ss receive some oral feeding. Overall,
there has been a substantial reduction in undernutrition and respiratory disorder.

Adults with severe and profound intellectual disability, physical and health im-
pairments and multiple disabilities are most likely to have swallowing and feeding
disorders. Swallowing and feeding disorders in this population are unique in that
the paediatric disorders may persist into adulthood (Sheppard and Hochman, 1988;
Sheppard, 1991; Rogers et al., 1994). The adult swallowing and feeding disorder
carried over from childhood may include persistent failure to acquire functional
developmental, oral preparation and self-feeding skills, and/or dysphagia associated
with sensory-motor, anatomical, medical and psychiatric aetiologies. When these
deficiencies persist, they are exacerbated by adult-onset swallowing disorders and
by the physiological changes associated with ageing. Behavioural disorders that pre-
dispose to choking interfere with activities that involve swallowing. Furthermore, as
with the normal adult, the person with developmental disability may suffer trauma,
acute onset medical events, or acquired diseases, and medical conditions that are
associated with dysphagia. In these instances, their chronic swallowing and feeding
disorder may acquire new dimensions. Whether or not swallowing and feeding have
been competent in the past, the adult onset dysphagia is managed within the con-
straints of the ongoing developmental disability. As in other populations, the swal-
lowing disorder may involve eating, drinking, taking oral medications, swallowing
saliva and managing the oral hygiene bolus. Swallowing and feeding disorders that
are associated with I/DD and are seen less frequently in other populations include
rumination, gastroesophageal reflux disease (GERD), dysphagia secondary to cervi-
cal osteophytes, foreign body ingestion and pica behaviours, choking, vomiting and
recurrent aspiration syndrome.

There is a paucity of research in all areas of assessment and management of
swallowing and feeding disorders in adults with developmental disability. Thus the
evidence base for management is thin. Expert opinions are derived from clinical ex-
perience and may be supported by studies of children with developmental disability
or from studies of adult onset disorders and normal ageing.

COMMON AETIOLOGIES
Developmental disability may originate from a variety of causes:

« hereditary disorders, e.g. inborn errors of metabolism, and gene and chromosomal
abnormalities;
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« alterations in embryonic development, e.g. the chromosomal aberration of Down
syndrome and the prenatal effects of alcohol toxicity and congenital rubella;

 pregnancy issues and perinatal morbidity, e.g. maternal diabetes and perinatal
asphyxia;

« acquired childhood diseases, e.g. central nervous system infection, cranial trauma
and related mishaps; and

« childhood onset psychosis and autism.

However, developmental disabilities arising from unknown mechanisms account for
substantial numbers (Crocker, 1989; Arvedson and Brodsky, 2002).

Contributing causes

Swallowing and feeding disorders are most consistently associated with neuro-
motor impairments, anatomical anomalies, psychiatric conditions, and severe and
profound intellectual disability. The neuromotor impairments include paralytic
conditions, such as cerebral palsy and muscular dystrophy, CNS consequences of
chronic seizure disorder, and disorders of muscle tone and movement associated
with genetic disorders such as Down syndrome. Swallowing and feeding disorders
associated with psychiatric conditions may be the result of associated behavioural
changes, e.g. manic cycles, or of side effects of drug therapy (Rubin and Crocker,
1989; Rogoff, 1989; Poon, 1995). Although the current generation of anti-psychotic
medications is reported to have fewer side effects, the potential for dysphagia has
been reported (Stewart, 2003).

Disorders in any one or more phases of swallowing may occur from neuromo-
tor or psychiatric impairments. Severe and profound intellectual disorders are most
often associated with failure to achieve and maintain oral preparatory skills and
difficulty compensating for gastrointestinal disorders, pulmonary disorders and de-
ficiencies in oral initiation, pharyngeal or oesophageal phases of swallowing that
may occur at any age. Gastroesophageal disorder has been estimated to occur in
10% to 15% of people with developmental disability. Primary, oesophageal phase
dysphagia, and secondary effects on pharyngeal mucosal integrity and eating behav-
iours occur often in this group (Roberts, 1989).

Effects of ageing

Swallowing and feeding competencies of adults with developmental disability and
severe and profound intellectual disability have been found to deteriorate with age.
In an 18-year retrospective study of adults with severe and profound intellectual dis-
ability, the average age at which swallowing and feeding competencies began to dete-
riorate was 33 years. Those who had the most severe swallowing disorder at the outset
of the study interval began to decline at younger ages than did those with a less severe
disorder or no disorder. Those who had no swallowing and feeding disorder at the
outset tended to acquire oral preparatory phase deficits. Those who had swallowing
and feeding disorders at the outset of the study interval demonstrated deterioration in
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oral preparatory skills and signs of onset or deterioration of involvement in oral initia-
tion, pharyngeal and oesophageal phases (Sheppard, 2002). Although, the effects of
chronic illness, existing disability, long-term use of medications and the physiological
changes associated with ageing may be associated with these findings, further study
is needed to determine the causes of early adult onset deterioration in swallowing and
feeding in this population.

MANAGEMENT COMPLICATIONS

Co-occurring conditions may complicate dysphagia assessment and management
and may restrict management options, decrease the likelihood of compliance with
recommendations, and increase the assistance and supervision that are needed for
maintaining nutrition, hydration, airway protection and ease and comfort in swal-
lowing activities. Some of the more commonly occurring complications in develop-
mental disability are:

« intellectual disability and its impact on ability to learn compensatory strategies
and retain skills;

e communication limitations;

 postural control issues, including congenital and acquired skeletal abnormalities
and conditions, and neuromuscular impairments that may interfere with postural
alignment for eating and control of respiration;

« dyspraxia and associated difficulties with sensory integration, and planning and
performing motor tasks;

« psychiatric and behavioural disorders, including pica, disruptive mealtime behav-
iours, and bipolar disorder;

« vision and hearing disorders, including acuity, perception and integration issues;

« epilepsy including the effects of seizures on eating and the side effects of medica-
tions used to manage the disorder; and

 gastrointestinal, gastroesophageal and pulmonary disorders, including constipa-
tion, rumination and chronic obstructive pulmonary disease.

In addition, side effects from long-term use of medications may cause or complicate
dysphagia in this population (Rubin and Crocker, 1989; Rosenthal et al., 1994). Al-
though any one of these management complications may be seen in the adult with
acute onset dysphagia and in the normal, ageing adult, it is the frequency with which
clusters of these issues occur, their severity and their onset early in life that distin-
guish the presentation of the adult with developmental disability.

THE CLINICIAN’S ROLE IN MANAGING THIS POPULATION

The role of the speech-language pathologist (SLP) in managing the feeding and
swallowing disorders of the adult with DD is, as in other populations with chronic
disorders, dependent on work site. The primary differences will be the extent to
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which assessment may involve collaborations with other allied health and medical
specialists and the scope of the daily management programmes that may be needed.
In acute care and outpatient settings, in addition to instrumental and clinical as-
sessments, daily management plans and therapy for eating, taking oral medications,
saliva management and oral hygiene may be needed. Adults with DD, admitted to
hospital for acute care, may be referred to the SLP by nursing staff for guidance in
managing swallowing and feeding issues during the hospitalization. Carers, who
accompany the patient, may provide information on typical care-giving strategies;
however, the hospitalization may involve feeding and oral hygiene in different pos-
tural alignments, with unfamiliar foods, and unfamiliar personnel. In addition, the
impact of the illness on swallowing and feeding capabilities, whether resulting from
general debilitation or specific dysphagia aetiology, may be substantial. Following
an assessment, the SLP will be able to assist carers and staff in selecting the appro-
priate diet consistencies, positioning, utensils, feeding techniques and techniques for
administering oral medications within the constraints of availability in hospital. The
SLP will determine if there is a need for instrumented dysphagia assessment and/or
for collaborative assessments by other allied health, medical or dental specialists for
issues related to the dysphagia.

In residential centres, long-term healthcare facilities, and daily treatment centres,
clinical dysphagia assessments may be part of an interdisciplinary nutritional man-
agement programme (NMP) involving SLP, and allied health (usually occupational
therapy, physical therapy, nurse and dietitian), dental, medical nursing and residential
staff. The NMP is a comprehensive care strategy that incorporates screening for
onset and changes in disorder, clinical evaluation, and re-evaluation as needed, daily
management of activities that involve swallowing, training to maintain skills and
underlying competencies for swallowing and therapy for regaining and improving
function (Sheppard, 1991; Barks and Sheppard, 2005). In addition, the NMP will
include provisions for carer education and support, assistance in making long-term
care decisions, and monitoring the implementation of the programme. An alternative
residential care model used for this population is the physical nutritional management
plan (PNMP). The PNMP is an expanded model that integrates a 24-hour positioning
plan into the NMP. These integrated care models are intended to promote optimum
health and wellbeing. The components of a ‘nutritional management plan’ are:

» medical and nursing care for monitoring and managing gastrointestinal, pulmo-
nary and nutritional issues;

« infection control in group eating environments;

« dietary management and monitoring;

 dysphagia screening, clinical and instrumented assessments;

« periodic repeat assessments for monitoring course of the disorder;

« repeat assessments following worsening dysphagia or dysphagia incidents; includ-
ing choking, nutritional deterioration, eating refusal and pneumonia;

« adaptive and other prescriptive equipment for seating, self-feeding, and dependent
eating;
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¢ eating management strategies including supervision, assistance, adaptive feeding
techniques, and behavioural management;

« individualized oral hygiene plan;

« individualized plan for administration of oral medications;

e structuring eating environments for supporting effective eating behaviours and
pleasant eating experiences;

« rehabilitation for maintaining functional skills and restoring skills following
regression;

« training programme for clinicians, carers and family members to advance and
maintain nutritional management skills;

e monitoring and quality assurance systems for assuring that mealtime environ-
ments and management of individual needs are satisfactory.

In some instances adults with DD may have guardians who are legally empowered
to make their healthcare and lifestyle decisions. The guardian may be a parent or
a court-appointed family member or agent. In these instances, the role of the clini-
cian will include collaboration with the guardian, and education and support for the
guardian, in making the assessment and treatment decisions.

ASSESSMENT

The assessment issues for the adult with DD differ somewhat from those in other
populations. Efficient and effective assessment systems are essential for identifying
the condition, monitoring its course and intervening in a timely manner. These systems
are needed because of the high prevalence and incidence of feeding and swallowing
disorders (Sheppard and Hochman, 1988) their persistence, their insidious onset
in adulthood, their tendency to worsen with age (Sheppard, 2002), and the high
prevalence and incidence of co-occurring conditions, including communication
disorders. In those instances where the swallowing and feeding disorders are chronic,
there are correlates of dysphagia that provide a general indication of the disorder and
its severity (Sheppard et al., 1988; Rogers, et al., 1994). These include mealtime
distress, nutritional failure, body mass index (BMI), the need for therapeutic diets,
and respiratory illnesses. Sheppard and colleagues (1988) found that the best
predictor of severity of dysphagia in this population was BMI.

SCREENING

The screening assessment is used in management of the DD population as an ef-
ficient means for identifying individuals with signs or symptoms of swallowing and
feeding disorders and monitoring for changes in the characteristics and severity of
the disorder. Screening strategies are especially useful in this population because of
the high prevalence of reduced alertness and of limitations in the ability to commu-
nicate the onset of problems and the change in swallowing and feeding symptoms.
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The relatively high prevalence of chronic and adult onset disorder and the tendency
for deterioration of swallowing and feeding competencies during adulthood warrant
systematic monitoring.

Screening assessments are limited to determining the need for consultation and
referral. They do not identify contributing causes and typically rely on inferential
clinical signs for indications of airway protection failure and oesophageal dysmo-
tility. Some screening assessments are ordinal, functional scales in which overall
levels of disorder are designated (Enderby, 1997). Alternatively, the screening as-
sessment may consist of a task analysis and provide a numerical score as a measure
of apparent severity of disorder. (Sheppard and Hochman, 1988).

Kuhn and Matson (2002) developed a screening assessment for pica and rumi-
nation, two swallowing disorders seen in I/DD. The Dysphagia Disorders Survey
examines swallowing and feeding behaviours during an eating activity. It is used in
conjunction with the Dysphagia Management Staging Scale, which provides a level
of severity of disorder based on management needs. The two assessments, which
were standardized on children and adults with developmental disability, together
provide a description of the clinical presentation of the swallowing and feeding dis-
order, a percentile ranking of severity of disorder, and a scaled level of severity of
disorder (Sheppard and Hochman, 1988).

CLINICAL DYSPHAGIA ASSESSMENT

Models for the clinical dysphagia assessment (CDA) may vary depending on
established procedures at the work site. The model may be the more conventional,
transdisciplinary, ‘bedside’ evaluation administered by an SLP. Depending on the
results of the CDA, referrals are made, as needed, to collaborating specialists for
medical, dental, nutritional, behavioural, or physical management assessments
(Logemann, 1998). Alternately, the CDA may be a team evaluation in which two or
more specialists collaborate, each evaluating their own specialty area(s) and com-
bining their impressions and referrals into a joint statement. Referrals may result
from this assessment as well. Typically the interdisciplinary team model, when used
for evaluating people with developmental disability, includes an SLP as a dysphagia
specialist, a dietitian, a physical management specialist, usually an occupational or
physical therapist and, in some instances, a nurse (Bryan and Pressman, 1995; Barks
and Sheppard, 2005).

The components of the CDA for developmental disability are similar to the
professional standards for evaluation of other adult populations. However, there
are special considerations for issues that have a higher prevalence in the pop-
ulation and warrant special attention for management of the disorder. Patients
with limitations in their ability to communicate their symptoms may be using
an alternative communication modality. The clinician will need to consider the
special communication needs in interviewing patients and carers, assessing the
problem, and providing management recommendations. A careful history, always
essential to a CDA, should include nutritional and pulmonary status as well as
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review of neurological, orthopaedic, cardiac and gastrointestinal issues. Questions
regarding past and current difficulty with eating, taking oral medications, saliva
management and oral hygiene, including coughing and choking, are relevant, as
are related disorders such as pica, vomiting and rumination. Medications are re-
viewed for side effects that may impact on the adequacy of swallowing and feed-
ing (Pronsky, 2002).

The physical examination includes careful attention to:

« physical anomalies that may impact on postural control and maintenance of pos-
tural control for sitting;

« respiratory support for eating; and

« oral and facial structural anomalies.

The examination of stability, range and ease of movement of oral structures is
made, typically, through observations of oral postural control, control of saliva,
voice and articulation and examination of oral-facial (infantile) and pharyngeal re-
flexes. These observations provide inferential information that, in association with
observations of eating, lead to hypotheses regarding the nature and severity of con-
tributing causes (Sheppard, 1987; 1991; 1995). Finally, during observations of eat-
ing, issues related to independence and behavioural problems are important. Carers
may be helpful in this regard. Oral and pharyngeal bolus management may differ
in dependent, as opposed to independent, conditions. If the person is inconsistently
independent both conditions should be observed. Behavioural issues in this popula-
tion are complex and varied. Behavioural problems may be habitual, maladaptive
patterns associated with medical conditions or medication side effects, or may be
related directly to psychiatric diagnoses (Rubin and Crocker, 1989). Significant is-
sues are:

» uncontrolled eating rates, including both excessive bolus size and excessive rate
of intake;

 reduced alertness and lethargy;

e disruptive mealtime behaviours;

 anorexia, including both liquid and solid food refusal;

 apprehensiveness;

* obsessive routines; and

» non-compliance with eating restrictions and swallowing strategies.

INSTRUMENTED ASSESSMENT

The instrumented assessment is used to supplement the findings of the CDA
when there are clinical indications of oral initiation, pharyngeal or oesophageal
deficiencies, and delineation of these deficiencies is needed to determine the man-
agement needs (Marquis and Pressman, 1995). The individual’s potential for tol-
erance of the procedure, the capabilities of the assessment site for managing the
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particular needs of the individual, as well as the particular questions that are being
asked, are considered when selecting the assessment type and site, and making the
referral.

Special considerations for administering these assessments are associated,
primarily, with special needs of the population for communication, positioning
for the assessment, and behavioural management. Adaptations for the modified
barium swallow (MBS) may include doing the study in the patient’s own seating
equipment, use of an adaptive collar to stabilize head and neck during the
study, mixing barium with food to enhance acceptability and facilitate patient
cooperation, and oesophageal follow-through to screen for oesophageal motility
issues that may be contributing. The oesophageal follow-through may be used for
detection of intraoesophageal reflux and intraoesophageal stasis as differentiated
from GERD (Zarate et al., 2001). Marquis and Pressman (1995) discussed these
issues with reference to MBS assessment of children with developmental disability.
Migliore et al. (1999) discussed the use of fibreoptic endoscopic evaluation of
swallowing (FEES) and fibreoptic evaluation of swallowing and sensory testing
(FEESST) for this population. They describe the advantages in using FEES
and FEESST for direct physical examination of pharyngeal structures. They
commented on the benefits of examining swallowing with preferred foods in the
seating equipment that is typically used for eating, and the opportunity for more
extended observation of oral and pharyngeal function. They noted the difficulties of
maintaining compliant behaviours during testing as well. The capability of FEES
for determining adequacy of oral initiation of swallow and pharyngeal control for
saliva swallowing, for detecting the oedema and erythema of pharyngeal mucosa
that are associated with acid reflux into the pharynx, for observing acid and non-
acid reflux into the pharynx directly during eating and for examining the integrity
of pharyngeal structures render it a useful procedure that compliments rather than
substitutes for the MBS.

SCHEDULES FOR REPEAT ASSESSMENTS

The accepted professional practice for repeating screenings, and CDAs depends
on the potential for nutritional and respiratory consequences of the disorder, the
complexity of management needs, and the short-term expectations for change in
condition. Generally the more severe and less stable the condition, the shorter the
reassessment cycle. For individuals who are at risk for onset of swallowing and feed-
ing disorder, and have reduced capability for self-report of symptoms, the duration
of the cycle depends on the age of the individual and potential risk for nutritional and
respiratory complications. Typically, instrumented and other medical evaluations
are repeated when there is a deterioration of the swallowing disorder, nutritional
condition or respiratory health. Re-evaluation may also be triggered by a pneumonia
or choking episode that required assistance, such as the Heimlich manoeuvre, to
resolve.
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TREATMENT

The treatment programme for this population consists of

» management plans for daily activities that involve swallowing;

« incidental/situational strategies for maintaining the adequacy of, and improving,
skills and behaviours; and

« indirect and direct therapy for improving underlying competencies for swallowing
or the swallowing and feeding function.

As with assessment, treatment may be provided by an interdisciplinary team. When
this occurs, each member of the team provides services as prescribed by the inter-
disciplinary plan (Barks and Sheppard, 2005). Alternatively, the SLP, as dysphagia
specialist provides the primary services for the feeding and swallowing disorder and
refers as needed for collaborative management consultations.

MANAGING DAILY ACTIVITIES

Management of daily activities involves planning for supportive environments for
eating, oral hygiene and taking oral medications, and selecting strategies to manage
the particular characteristics of the individual’s swallowing and feeding disorder.
The aims of this two-pronged approach are to (a) protect the health and safety of
the individual, (b) provide optimum quality of this life experience, (c) provide for
the least restrictive life-style, and (d) support maximum independence in all aspects
of the swallowing activities. As in other populations, SLPs educate the patient and/
or the guardian in those aspects of daily swallowing activity that relate to health,
safety and quality of life, and advise and support them as they make the treatment
decisions that are compatible with their own values and will best accomplish the
aims of the programme. An individualized plan may be needed for eating, oral
hygiene, and oral medications. For the purposes of this chapter, the focus will be
on eating.

THE EATING ENVIRONMENT

There is a high prevalence of behavioural instability in this population associated
with the primary neurological and psychiatric disorders and sensory impairments.
Reduced attending skills, auditory and visual acuity and perception deficiencies,
reduced skills for integration of sensory information, and reduced capabilities for
motor performance limit the tolerance for haphazard environmental structures and
events. For example, radio or television or other acoustic distractions may increase
the difficulty in attending to, and performing the eating task and interfere with com-
municative interactions. When feeding and swallowing skills are vulnerable, careful
consideration should be given to the acoustic and visual distractions in the eating
area, the supervision and assistance, the level of extraneous activity, and the fa-
miliarity of personnel, environment, equipment and routines. The general rule is
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to reduce the complexity of the eating task, e.g. provide easier foods or increased
supervision and assistance, when environmental stresses are increased.

THE INDIVIDUAL MEALTIME PLAN

Individual considerations for eating that are specific to the needs of the individual
are often referred to as the individual mealtime plan (IMP). The IMP may include
stipulations for aspects of the meal, beginning with the time interval just prior to
eating and ending with the interval following eating. Snacks should conform to the
stipulations for the meal. In all aspects of the IMP, the SLP may provide transdis-
ciplinary care or may participate with team members of an interdisciplinary dys-
phagia team.

Pre-eating interval

The purpose of structuring the pre-eating interval is to facilitate optimum perform-
ance during eating. These are readiness activities. The IMP may include a rest pe-
riod, putting on or removing orthotics, such as splints or braces, an oral or facial
stimulation routine, and routine washing of hands and face.

Positioning/seating

Correct seating for eating is important for facilitating optimum oral bolus prep-
aration, pharyngeal and oesophageal and bolus motility, and for comfort. When
postural stability and control are problematic during eating, care should be taken
to provide seats that are an appropriate size. Seat depth, height of chair back and
seat height should be appropriate to allow for surfaces to stabilize trunk, hips and
feet. Height of the eating surface, whether table or wheelchair lap tray, should be
optimum for resting arms on the surface and for self-feeding. The plan includes
any special instructions for seating and for assisting in maintaining correct upper
body and head-neck alignment and stability during eating (Sheppard, 1995). The
physical or occupational therapist may provide consultation for appropriate seating
(Woods, 1995).

Diet

Diet recommendations for this population, as for other adult populations, are spe-
cific to the signs and symptoms of the disorder. In order to compensate for im-
pairment and deficiencies in swallowing or facilitate improved swallow function
stipulations may be provided for food temperature, tastes, viscosity, and texture.
In addition, recommendations may be made for liquid replacements, increasing
calorie density in foods and high calorie, full nutrient supplements to compensate
for swallowing and feeding deficiencies. The dietitian provides management for
dietary needs.
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Utensils and equipment

Adaptive utensils and equipment may be recommended to facilitate self-feeding and
oral preparation and to regulate bolus size. These may include specially shaped,
sized or coated spoons, forks, cups and straws as well as pads that stabilize plates,
cup holders and specially designed plates. The occupational therapist may provide
consultation for managing adaptive equipment and self-feeding strategies.

Communication strategies

Effective communication during the meal is essential for maintaining health, safety,
and skills and expressing lifestyle choices. Consideration is given to the preferred
modality for expression and the special needs for reception, as well as the skills of
the carer as a communication partner. To achieve the goal of optimum communi-
cation it may be necessary to use augmentative communication systems and per-
sonal communication dictionaries to facilitate effective interactions during the meal
(Bloomberg and Johnson, 1991; Bloomberg, 1996; McLean et al., 1999).

The appropriate focus of communications during an eating activity depends on
the feeding and swallowing capabilities of the individuals concerned as well as their
level of communication competency. Communications may be limited to supporting
calm, alert, focused attention to the eating task, or to supporting cooperative interac-
tions between individuals regarding the eating activity — activities such as passing
foods. When communication, attending, and swallowing and feeding skills permit,
the content of the interactions may include social exchanges that are not directly
related to the current activity. Special training for carers and patients may be needed
to generate sensitivity to the effects of communication on the eating task. The SLP
manages the communication issues.

Feeding techniques

Feeding techniques are selected to address specific needs of the individual. Tech-
niques used in this context are cueing strategies that assist the individual or facilitate
optimum performance of the eating behaviour. A strategy is typically selected to
improve one or more task components of the swallowing and feeding behaviour.
Optimally, strategies should improve performance in the short term. They should
provide a compensatory advantage, and improve overall competency in the long
term — i.e. have a therapeutic effect.
The task components that are addressed most frequently are:

* body postural control and alignment;

» movements that culminate in reception of the bolus;

« containment of the bolus in the mouth;

¢ bolus preparation including mixing with saliva and chewing;
« oral transport;

« initiation of swallowing;
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* airway protection;
 pharyngeal clearance; and
« independence.

The strategies may include assisting, touch, visual or verbal cueing, and supervising
for compliance. Special techniques for dependent feeding include adaptive spooning
and cup strategies that are selected to facilitate more competent oral preparation and
containment of the bolus. The SLP may collaborate with the occupational therapist
in developing a routine that will best support oral pharyngeal function and optimum
independence.

After-eating care

After-eating care may be prescribed to facilitate an increased frequency of saliva
swallowing immediately following the end of the meal (Sheppard et al., 2003). Slid-
ing an empty, room temperature or chilled spoon in the mouth facilitates swallowing
and is used for individuals who tend to cough on saliva following eating. Positioning
restrictions following eating may be prescribed to alleviate signs or symptoms of
GERD or oesophageal dysmotility.

MANAGING THE ORAL HYGIENE BOLUS

The oral hygiene plan is part of comprehensive dysphagia care in this population.
Maintaining optimum oral hygiene is important for minimizing the risk for pul-
monary infection in individuals who are known to aspirate (Langmore et al., 2002;
Langmore et al., 1998)). Adaptive brushing strategies may be needed in individuals
with neuromuscular or sensory impairments in the mouth and pharynx in order to
avoid aspiration of the oral hygiene bolus and to achieve good oral hygiene (Altabet
et al., 2003).

The oral hygiene plan may include stipulations for body position during
brushing — standing, seated or side lying, and head-neck alignment. The brushing
device and the dentifrice may be specified. Brushing techniques may be selected to
facilitate access to the mouth, to allow the accumulating oral hygiene bolus to drain
from the lips, and to assure tolerance of the procedure.

ADMINISTERING ORAL MEDICATIONS

Taking oral medications is often a daily, routine activity for the adult with develop-
mental disability. If the individual has dysphagia, the procedure for administering
oral medications will typically follow the same procedures as those specified in the
IMP with respect to independence of the individual in taking the medication, pos-
tural alignment and stabilization, utensil, texture and viscosity of the medications
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preparation, bolus size, and choice of liquid or solid used to clear the medication
from the oesophagus. The generally accepted guidelines for upright posture during
swallowing and minimum of 60ml of wash down following the medication are ap-
propriate (Barks and Sheppard, 2005).

INCIDENTAL TRAINING AND IMPLICIT LEARNING

It is a challenging task for the clinician to change the behaviours of adults with
developmental disability in activities that involve swallowing. Impairments in cog-
nition, attention, communication, and regulation of emotional states are common
in this population. Resulting deficiencies are apparent in their ability to learn, re-
tain and comply with compensatory strategies and therapeutic routines. Implicit
learning — learning that is the consequence of repeated daily experience — has been
found to be more effective for facilitating learning in individuals with ID/DD than
explicit learning (Krinsky-McHale et al., 2003; Vinter and Detable, 2003). Fre-
quently used behavioural strategies are those that involve training during the target
activity, and using cueing, feedback on performance adequacy, and reinforcement to
train and maintain desired patterns of behaviour. This incidental training model has
been observed to be promising for changing maladaptive eating and other swallow-
ing behaviours.

THERAPY

There has been little attention in the literature to the efficacy of therapeutic strate-
gies in treating dysphagia in adults with DD. However, there is some evidence from
the paediatric literature and from the literature on adult onset, chronically disabled
populations that may be considered relevant to the discussion of management of
people with DD.

INDIRECT STRATEGIES

Indirect strategies — those that do not involve eating — include exercises that in-
crease frequency of saliva swallow and those that have been found to be effective
for improving underlying competency for swallowing. Strategies are selected that
are tolerated by the individual and have some empirical or logical support for their
use. Thermal stimulation has been shown to reduce aspiration in adolescents with
developmental disability. Enhanced sensory input using flavoured powders and oral
stimulation routines has been used to increase frequency of saliva swallow. Exercise
strategies, such as the Shaker exercise, which are selected to increase strength and
stability in the suprahyoid muscles have been found to improve swallowing in age-
ing individuals (Langmore and Miller, 1994). Similar exercise routines have been
used in this population but their efficacy has not been tested. Oral motor exercises
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for improving lips, tongue, mandible, velum, and vocal folds are used, but efficacy
remains to be tested. These strategies are implemented most frequently in individu-
als who are designated to be given ‘nil by mouth’, or tube fed and on reduced oral
feeding. The goals are to maintain or improve swallowing capabilities for saliva and
to introduce or increase oral feeding.

DIRECT STRATEGIES

Direct therapy strategies — those that involve food — may be used in this population
for maintaining or improving independence and skills for oral preparation, and for
improving oral initiation and pharyngeal phases of swallowing. Modified head-neck
alignments may be used (Logemann, 1998 ) and are generally tolerated. However, it
may be difficult to train this population to use swallowing manoeuvres such as the
supraglottic swallow.

SURGICAL INTERVENTION

In cases of intractable aspiration and or nutritional failure that is associated with dys-
phagia, surgical interventions may be considered. A range of surgical options are ap-
propriate including reconstructions of structures involved in swallowing to improve
swallowing for oral feeding, surgical placement of a feeding tube — gastrostomy or
jejunostomy to substitute for, or supplement, oral feeding and as a strategy of last
resort, surgical closure of the larynx. In tube-fed individuals, as in those who are
fed orally, aspiration may result during ingestion of food, during swallowing of oral
secretions and during reswallowing of emesis. The role of the SLP in managing the
tube fed individual is to maintain the adequacy of swallowing for saliva and, when-
ever possible, to develop a programme for therapeutic tastes, or return to partial or
complete oral feeding.

SUMMARY

Adults with developmental disability and dysphagia have a challenging array of co-
occurring medical problems and disabilities that complicate assessment and treat-
ment. The combination of chronic paediatric and adult onset swallowing problems
are identified and diagnosed by screening, clinical and instrumental assessments.
Co-occurring problems that complicate management of dysphagia are identified.
Special plans may be needed for managing daily needs for eating, saliva control,
oral hygiene and swallowing oral medications. In addition, dysphagia therapy pro-
grammes are appropriate for preventing regression and optimizing skills for swal-
lowing and feeding, maintaining swallowing adequacy for saliva in the tube fed
individual, and for rehabilitating problems resulting from adult onset swallowing
disorders.
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CASE STUDIES

CASE STUDY 1

DA is a 42 year old with severe intellectual disability and developmental disability.
He is ambulatory. He uses his limited speech for communication. He has an active
seizure disorder controlled incompletely with medications. He becomes lethargic
following seizure, unable to walk safely and with increased difficulty eating. He
feeds himself. He will confiscate foods whenever they are available from the plates
of his eating companions, the kitchen and canteen. He has a history of choking epi-
sodes that have required assistance (Heimlich manoeuvre, etc.) to resolve. Nutrition
is within normal limits. Gastrointestinal and pulmonary systems are not remarkable.
No adaptive eating equipment had been recommended. He prefers to eat his meals
with a 7ml-sized teaspoon and fingers.

CDA revealed oral preparatory deficiencies characterized by excessive size
spoonfuls and bite size, excessive rate of placement of food in mouth, excessive
drinking rate, chewing skills limited to bite sized, soft to chew, finger foods.
Other chewable foods were swallowed without mastication. There was intermit-
tent, brief coughing during eating and drinking. Modified Barium Swallow was
performed following a choking episode to rule out physiological characteristics
that may be contributing to choking. It confirmed reduced mastication and re-
vealed mildly delayed initiation of swallowing on liquids and solid foods. Pha-
ryngeal clearance was normal. Screening for oesophageal dysmotility during the
MBS by oesophageal ‘follow through’ of a solid bolus ruled out oesophageal
issues as contributing.

The conclusion was that DA had a moderate dysphagia (Dysphagia Management
Staging Scale Level 3) (Sheppard, 1995), in that he needed diet modifications and
adaptive feeding strategies to manage his disorder. Recommendations by the SLP
dysphagia specialist were to prepare an individualized mealtime plan that would
include incidental training strategies for reducing choking risk and reducing food
confiscation behaviours during meals, and to refer to a behaviour modification spe-
cialist for evaluation and additional training recommendations.

The individualized mealtime plan for DA included:

* ‘Mechanical soft’ (soft to chew and mashed textures) diet with bread cut into bite
size pieces, and nectar thick liquids. Condiments and seasonings were used to
enhance flavours of food.

« Junior sized (4 ml) spoon with adult-sized handle.

e Cut-out (‘Nosey’) cup.

» One-on-one level of assistance/training.

» Feeding techniques to regulate behaviours were worded in ‘person-centred’ lan-
guage. ‘Help me to not overfill my spoon by using a spoon to wipe off the excess.’
‘Help me to take only one piece of bread at a time.” ‘Encourage me to take drinks
throughout the meal.” “Touch my arm to encourage me to stop drinking after three
to four sips and swallows.” ‘Place your hand on my shoulder and instruct me to eat
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my own food if I reach for someone else’s food.” ‘Feed me if I am too tired to feed
myself following a seizure.’

« Incidental training consisted of frequent praise for incidents of appropriately sized
spoonfuls, reduced rate of eating, and refraining from food confiscation during a
meal.

Initially, verbal, visual and tactile cues, assistance and reduction of environmental
triggers were used to shape desired behaviours. Cueing and environmental controls
were simplified as behaviours improved and stabilized. Level of supervision and
training could be reduced and DA advanced to eating with a carer and two to three
peers sitting at a table.

CASE STUDY 2

NK is a 20 year old with diagnoses of cerebral palsy quadriplegia, seizure disorder
and dysphagia. She is non-ambulatory and non-verbal. Her respiratory health has
been good. She is alert, enjoys eating, has normal food preferences and communi-
cates with facial gestures and vocalizations at meals. Her diet consists of mashed
table foods, cookies and regular liquids. She is a dependent eater. It takes approxi-
mately one hour for her to complete a meal. There was a recent weight loss of more
than 10% of her body weight following two hospitalizations for seizures. There was
arecent increase in coughing on solid and liquid foods. These events raised concerns
about ongoing oral feeding and resulted in referral for comprehensive team evalu-
ation. The family expressed their belief that continuing oral feeding was important
for maintaining a good quality of life for NK. They were not willing to consider
gastrostomy at this time. They were eager to participate in a nutritional management
programme that might improve her chances for ongoing, successful, oral feeding.

The hospital-based, evaluating team consisted of SLP dysphagia specialist,
medical doctor with specialty in developmental disability, radiologist, dietitian, and
physical therapist. The assessments included an MBS and CDA. Significant findings
were malnutrition with weight at 52% of ideal body weight, and marked oral neu-
romuscular involvement with associated difficulties swallowing saliva and solid and
liquid food. Mastication was weak and incomplete. NK was unable to bite off pieces
of food. She tended to laugh and vocalize while eating. Inflammation of the gingi-
val mucosa was noted on oral examination. There was instability in head-neck and
trunk interfering with sitting. A lap-tray was available for her wheelchair; however,
it was not used consistently during eating.

The MBS revealed marked abnormalities in oral preparation, oral initiation and
pharyngeal stages of swallowing with multiple swallows required to clear a single
bolus. The cookie, a part of her typical diet, was swallowed whole. There was laryn-
geal penetration of solid and liquid boluses but no aspiration on the 12 swallows that
were observed on fluoroscopy. These deficits were associated with a weak and de-
layed swallow, overall. However, liquids were managed somewhat better than solid
foods.
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The team conveyed the results of the evaluation to the family and counselled
them that NK would do best if she had a feeding gastrostomy to supplement her oral
feeding. In consideration of the family’s wishes, however, a comprehensive NMP
was proposed. It was presented to the family as an interim plan. The family was
urged to reconsider placement of a feeding gastrostomy if, within three months, NK
did not gain weight, experienced dehydration or experienced deterioration in her
respiratory health.

e Nutritional management goals were to improve nutrition, reduce meal duration
and increase effectiveness of swallowing. The nutritional management plan in-
cluded consultation with dentist or periodontist.

e The diet recommendation of finely mashed, moist solid foods (reduced viscosity)
and nectar-thick liquids. Liquid, full nutrient supplement was used to increase
daily calorie intake. Cookies were prepared in a slurry by mixing them with milk
and spooning.

« Use of a Hensinger collar and assistance during eating to maintain optimal, head-
neck postural alignment and stability.

e Use of lap-tray consistently during eating to help stabilize the upper body.

 Shorter, more frequent meals and snacks.

e Adaptive strategies for spoon and cup placement in mouth and for clearing re-
sidual foods and saliva at end of meal.

e Verbal cueing to reduce laughing and vocalization during eating.

» Exercise programme to improve ability to stabilize the mandible in a closed-mouth
posture, to increase frequency of saliva swallowing, and to improve ability to sta-
bilize head-neck with a balance of flexion against extension.

* Individualized oral hygiene and oral medication administration plans.

* Training for family members and day placement staff.

NK gained weight and remained healthy. Oral feeding continued and placement of
gastrostomy tube were deferred.
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11 Improving Swallowing Function:
Compensation

JULIE CICHERO

INTRODUCTION

Swallowing, once damaged, can hopefully be improved either by compensation or
rehabilitation. There is an important difference in these two terms and the strategies
they employ to make the difference to the swallowing mechanism. It might assist if
we take a brief look at the analogy of a broken leg. We can compensate for the broken
leg by using a wheelchair or a set of crutches to mobilize. We still achieve the purpose
of mobilizing but through different routes. It provides an immediate answer to the
problem, but only a transient solution. We bypass the problem of the broken limb, we
compensate for it. On the other hand, we may wish to mobilize again by using and
repairing the broken leg — we want to effect permanent physiological change. In this
case rehabilitation is employed. There is a period of time for the bone to mend but after
that time the muscles of the legs must be strengthened and a range of motion exercises
employed to ensure that the limb will function as normally as possible. This is the
process of rehabilitation and the end product is a resumption of function as near as pos-
sible to the situation before the injury. Often, individuals who go on to rehabilitation
begin with a period of compensation (using crutches). Even during the initial phases of
rehabilitation they may still require their crutches. Gradually the ratio changes so that
the compensatory mechanisms become fewer and the reliance on the limb becomes
greater as function is restored. The eventual aim is that the compensatory strategies can
be dispensed with when function is restored. Whether the function is the exactly the
same as it was premorbidly is not the issue, although quality of life measures may show
the patient to have different views on this matter. Hopefully this demonstrates that both
compensation and rehabilitation are important aspects of the recovery of function.

This chapter will examine compensation in the improvement of swallowing. As
with the broken limb analogy, compensatory techniques are often used during the
acute and/or severe phases of recovery. It would be hoped that individuals would then
progress to rehabilitation in order to improve the function of the swallowing mecha-
nism — rehabilitation of swallowing is discussed in detail in Chapter 12. However,
some individuals continue to rely on compensatory techniques for the long-term.
Compensation can occur in the adaptation of:
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* posture;

» swallowing techniques;

« diet, temperature and taste;

e rate and route of intake;

« prosthetic devices and surgery.

These will now be expanded upon below.

POSTURE

Changing the posture of the individual with swallowing disorders can affect efforts
to redirect the flow of food (body posture), alter postural stability associated with
feeding (body posture) or change pharyngeal dimensions (head posture).

USING BODY POSTURE TO REDIRECT THE FLOW OF FOOD

One of the first rules the speech pathologist learns is that, for safe feeding, individu-
als should be sitting upright or the head of the bed should be at approximately 90°.
Certainly this makes a great deal of sense. Gravity may assist in progressing the
bolus through the pharynx more quickly. When lying down, the bolus travels more
slowly through the pharynx and is more likely to adhere to the posterior pharyngeal
walls. In the upright posture the bolus is projected in more of an anterolateral direc-
tion. Note that laryngeal protective responses do not appear to be affected when
swallowing occurs in either the sitting or lying postures in healthy individuals when
swallowing a small volume bolus (Barkmeier et al., 2002). The thyroaytenoid mus-
cles are activated at the same time as or within milliseconds of activation of the sub-
mental complex that marks the initiation of the swallow. As yet there are no data to
determine whether dysphagic individuals similarly have stable and consistent timing
of laryngeal muscle onset regardless of body posture.

The upright position recommended to dysphagic individuals during feeding is also
important to reduce the likelihood of reflux in susceptible individuals, because grav-
ity again assists in keeping gastric contents in the stomach where they belong. When
an individual lies down, the position of the abdominal contents shifts and pushes the
diaphragm upwards. If there is material in the stomach it may push up against the lower
oesophgeal sphincter (the junction between the oesophagus and the stomach) and creep
back into the oesophagus. Once in the oesophagus, the bolus may exert pressure on the
upper oesophageal sphincter (UES) and re-enter the pharynx. Intrabolus pressure in the
supine position is significantly higher compared with an upright position (Shaker and
Lang, 1994). This is most unsuitable as the refluxed bolus could dwell in the pharynx and
be drawn into the open airway during tidal breathing. This would result in aspiration.

Postural stability and its association with safe feeding

The basic principles of eating and drinking in the upright position should not be
viewed as absolute. It is important to remember that infants begin feeding in a
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position that is more horizontal than upright. Infants progress from feeding in a
semi-lying and flexed position, progressing to an upright sitting position (~6 months
to 8 months) and eventually to unassisted stable chair sitting. They require sitting
balance and an ability to support the head and trunk in the upright position. If the
trunk is unstable, this has a flow-through effect to the head. If individuals’ attention
is consumed with ensuring that they won'’t ‘fall over’, there is little room left to con-
centrate on swallowing. So how does this relate to posture during feeding? Basically
the body must be supported and stable and the head should also be supported and
stable. This provides the best base for the individual to be able to concentrate on
swallowing.

Individuals with low muscle tone (i.e. hypotonus) are most likely to show poor
ability to maintain head and trunk postural stability. Tamura et al. (1999) discuss
the concepts of ‘gravitational’ and ‘antigravitational’ postures. An antigravitational
posture is one where the body must support and maintain a substantial portion of its
own weight. This necessitates prolonged muscle activity.

Sitting and standing are examples of antigravitational postures. When an indi-
vidual lies down in a recumbent or supine position, the body does not have to support
its own weight. The chair or bed bears the weight of the body. In individuals with
severe disability, great effort is required to support their body weight to accomplish
what healthy individuals consider as the simple act of sitting. An unstable trunk can
in turn cause an unstable head. The platform for eating is unstable and this places
the individual at risk of aspiration/penetration. There are measurable physiological
signs that can alert the clinician that the mere act of trying to remain upright during
feeding is ‘hard work’ for the individual.

Tamura et al. (1999) reported that, in individuals with severe disability, feeding in
the upright position resulted in reduced oxygen saturation, and increased pulse rate.
The increased pulse rate and also reports of increased respiratory rates are indica-
tors that the body is trying to recover the reduction in available oxygen saturation
levels. Again, the link between respiration and swallowing is quite pronounced.

The physiological changes reported by Tamura et al. (1999) only occurred dur-
ing feeding. They did not occur when the individuals were simply sitting upright,
showing that the act of eating and swallowing places additional demands on the
cardiorespiratory system. What this should tell us, then, is that even though indi-
viduals should be sitting in as upright a position as possible to encourage safe swal-
lowing, there is a delicate balance with the need to ensure that the very act of sitting
does not put too much strain on the cardiopulmonary system. It is very likely that
a supported reclined posture may in fact be more beneficial to individuals with im-
paired trunk and/or head control. The exact degree of recumbence has not, at this
point, been determined. Dorsey (2002) presented information on this very issue.
Dorsey (2002) found that upright positioning (70°-90°) in individuals with severe
developmental disabilities was associated with aspiration. However, individuals who
were supported and reclined (60°-35°) showed a reduction in aspiration. The change
in posture was reported to shift the centre of balance from the pelvis up towards
the trunk and shoulders. The effect was to increase stabilization of the jaw. Conse-
quently the muscles of the lips, tongue and buccal region (cheeks) were able to work
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more effectively due to less effort, greater strength and coordination. These results
have implications that stretch further than the cerebral palsy and developmental dis-
ability populations. Individuals who lose their ability to volitionally control head
and trunk support through stroke, TBI or other acquired neurological or physical
injury should also be afforded postural support during feeding. The act of sitting
places muscular demands on the body. These demands must be kept to a minimum
if the individual is to feed safely.

The clinical bottom line is that it is important that individuals be maintained in
as upright a position as possible during feeding to (a) take advantage of the effects
of gravity in propelling the bolus into the oesophagus, and (b) to make it harder for
refluxed material to re-enter the pharynx after swallowing. However, where indi-
viduals are unable to support their head and/or trunk comfortably, measures must be
taken to allow head and/or trunk support to occur. This may involve progressively
reclining the chair/bed to an angle that best allows the body to be supported and
reduce the ‘physiological load’ during eating. The exact degree of safe recumbency
is yet to be determined.

HEAD POSTURES

Once the best ‘body posture’ for the individual has been determined, the clinician
can then look at manipulating head position. Changes to head position can affect the
direction of flow of the bolus and also the physical dimensions of the pharynx (make
portions larger or smaller). These head postures are compensatory because, if effec-
tive, they should be employed for each and every swallow. The clinician must bear in
mind the individual’s (a) cognitive skills and ability to learn and remember to use head
postures, and (b) the individual’s physical reserve — whether fatigue will occur after
a few swallows when using the compensatory pattern. These variables are important
considerations when contemplating teaching an individual any compensatory tech-
nique. Can it be taught, can it be remembered faithfully and can it be maintained?

The following discussion outlines a selection of head postures that can be em-
ployed with individuals with dysphagia who have the requisite cognitive skills and
physical reserve to use them. Note that the vast majority of these techniques were
developed by Professor Jeri Logemann. These strategies have been developed with
an understanding that a change to swallowing physiology is possible when there is
a change to the anatomical alignment of the structures used during swallowing. She
has been instrumental in the development of compensatory manoeuvres for dys-
phagic individuals.

CHIN TUCK

The chin tuck technique is probably one of the best-known head postures and is as
its name suggests. Individuals are taught to position their chin towards their chest
and look down towards their knees. Note, the head should maintain a midline pos-
ture; only the head moves. In using this manoeuvre, the larynx is brought further
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under the base of the tongue so as to physically bring it further away from the bolus.
Remember that during resuscitation individuals are taught to bring the head back-
wards and extend it to open the airway. The chin tuck works on the principle that
the airway is maximally protected if the head is flexed over the airway. When the
head is in the chin tuck position, the oral part of the tongue is drawn forward (due to
gravity) and the valleculae become bigger. Remember that valleculae are the spaces
between the base of the tongue and the uppermost surface of the epiglottis (there are
two valleculae — right and left). In this posture the tongue base, however, is afforded
a closer position to the pharyngeal walls (Logemann, 1997).

Bulow et al. (1999) have also reported that when the chin tuck is employed there is
a reduction in the distance between the larynx and the hyoid and between the hyoid
and the mandible. During flexion, the entire distance of the pharynx is shortened.
Note also that this shortening loosens the pharyngeal constrictor muscles. These
muscles are responsible for advancing the bolus through the pharynx.

The chin tuck has been used when there is

 adelay in triggering the pharyngeal swallow; or
« if there is reduced posterior movement of the tongue base (Lazarus, 2000).

There are some contraindications. Note that extreme flexion (head forward) can make
the airway prone to collapse. The mass of tissue behind the jaw and the hyoid may
push into the airway causing this to happen (Wolf and Glass, 1992). Individuals who
have a compromised respiratory system may find this posture somewhat suffocating
and may be unable to sustain it or use it effectively. As noted above, Bulow (1999)
points out that the act of flexion loosens the pharyngeal constrictors, making them
potentially less effective in progressing the bolus through the pharynx. Individuals
with weak pharyngeal constrictor muscles could be at risk for post-swallow residue
and hence aspiration after the swallow if they employ the chin tuck technique. Note
that individuals with impaired laryngeal excursion may also be at a disadvantage
when using the chin tuck technique. The elevation and forward movement of the
larynx is a key mechanical movement in effecting epiglottic closure. The effect of
laryngeal excursion is to ‘knock the feet’ out from under the epiglottis. In the chin
tuck position, an individual with poor laryngeal excursion will not effectively move
the epiglottis to its horizontal position. The epiglottis will remain upright and, as the
bolus is pushed towards the pharynx by the tongue, the bolus may follow the curves
of the epiglottis up to the tip and then down the other side. The ‘other side’, however,
is a route directly into the laryngeal vestibule and the airway below. An upright
epiglottis provides an easy route for the bolus (particularly the liquid bolus) to reach
the airway. Consequently, a reduction in laryngeal excursion should similarly con-
traindicate the use of the chin tuck.

HEAD ROTATION

The head rotation posture is also quite transparent. The posture involves the individ-
ual turning his or her head to the weaker side to the full extent of comfort. Note, only
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the head moves, the trunk should remain in the neutral position. The head movement
effectively close off the weaker side and to physically encourage the bolus down the
stronger side. This technique also has the effect of pulling the cricoid cartilage fur-
ther away from the posterior pharyngeal wall. This reduces the resting pressure in
the UES and may assist individuals who have UES dysfunction (Logemann, 1997).

Individuals with a unilateral weakness or who have undergone reconstruction of
the pharynx may benefit from this technique. Individuals with difficulty opening the
UES, such as those with the symptom of pyriform sinus residue post swallow may
also benefit from this technique.

HEAD TILT

The head tilt posture uses the effect of gravity to move the bolus in the desired
direction. The patient is instructed to tilt the head towards the stronger side during
swallowing.

Individuals with unilateral oral weakness, or those with unilateral pharyngeal
weakness may benefit from this technique. Note, the oral and pharyngeal weakness
should be on the same side if the head tilt technique is to be employed. Individuals
who have undergone head and neck surgery may also find this technique enables them
to compensate for structures that may have been removed during surgery.

SIDE LYING

In the side-lying technique individuals are instructed to lie down on their side. This
has the effect of reducing gravitational force, as discussed above. The bolus is more
inclined to adhere to the posterior pharyngeal wall and stay away from the val-
leculae. Logemann (1997) reports that it is effective for individuals with reduced
pharyngeal contractions, where one would see the symptom of diffuse pharyngeal
residue post swallow.

This technique may benefit individuals with diffuse post-swallow pharyngeal res-
idue as a result of pharyngeal weakness (unilateral or bilateral) and also individuals
who have undergone head/neck surgery where the effectiveness of the pharyngeal
muscles has been compromised.

However, this technique gives rise to issues concerning patient compliance. It
cannot be adapted for social situations. It is also difficult to self-feed in this position,
with the bolus spilling from the spoon before there is an opportunity to get it to the
mouth.

NECK EXTENSION

In the neck extension posture, the individual is instructed to sit or stand in the up-
right position and when they are ready to transfer the bolus from the oral cavity to
the pharynx to extend the neck backwards and lift the chin upwards. This technique
uses gravity to clear the oral cavity (Logemann, 1997).
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This technique is useful for individuals who have impairments in the oral transfer
phase. They may show symptoms of post-swallow oral residue and bolus transfer
problems.

The individual must have excellent airway protection abilities to safely use this
technique. As noted above, the extended head position is effective in opening the
airway. The individual must be able to protect the airway to use this technique.
For this reason, it is suggested that only individuals with excellent cognitive skills
and auditory comprehension be considered for this technique. It is often used in
individuals who have undergone head/neck surgery. For these individuals, oropha-
ryngeal structural impairment is the issue, not cognitive abilities. Note also that, in
extending the neck, this action inhibits laryngeal excursion. This has the flow-on
effect of inhibiting UES opening. The individual may need to be taught to adopt
the neck extension technique only for the transfer phase from the oral to pharyngeal
cavities and then quickly resume an upright head posture so as to reduce the impact
on laryngeal elevation and UES opening.

The manoeuvres listed above are suitable for some but not all dysphagic individu-
als. Clinicians should be wary of ‘always employing the chin tuck manoeuvre’, for
example. The manoeuvres should be applied on a case-by-case basis with careful
thought given to the indications and also the contraindications of the techniques. A
more conservative approach is warranted if the risks outweigh the benefits or indeed
could make the situation worse.

AIRWAY PROTECTION STRATEGIES

The section above has focused on ways to improve swallowing function by changing
the posture of the head or the body. A recurrent theme in this text is the interrelation-
ship between respiration and swallowing. The following techniques focus specifically
on protection of the airway during and/or after swallowing. There are three gen-
eral airway protection strategies that can be employed in individuals with dysphagia.
These are: the supraglottic swallow, the super-supraglottic swallow and pharyngeal
expectoration. As with the head posture techniques described above, the clinician
should give due consideration to the patient’s ability to learn the techniques, be com-
petent in using the techniques for each and every swallow and that the techniques are
not likely to cause the patient to fatigue and decompensate their swallowing function.
As with the postural techniques, the airway techniques will now be described below.

THE SUPRAGLOTTIC SWALLOW TECHNIQUE

During the supraglottic swallow the patients are instructed to take a breath gently
and hold it, transfer the bolus into the oral cavity (the breath is still held) and swal-
low while holding their breath. Immediately after the swallow they are instructed
to breathe out, cough or clear the throat. It is important that they understand that
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they should expel air immediately after the swallow before they take a breath in. If
they take a breath in, residue in the pharynx is likely to be drawn into the laryngeal
vestibule and the airway.

The effect of the supraglottic swallow is to bring the vocal folds together before
and during the swallow, hence providing a mechanical barrier to penetrated/aspi-
rated material. It provides conscious, volitional airway protection. It brings to con-
scious and volitional control the airway protection technique healthy individuals
usually employ. Bulow et al. (1999) reported that the larynx starts to elevate as the
individual inhales at the beginning of the supraglottic swallow technique and the
prolonged laryngeal excursion assists also in prolonging relaxation and opening of
the UES. Consequently this technique offers a dual role in mechanically protecting
the airway via cord closure, but also better clearance of the pharynx with a longer
period of UES opening and relaxation. It may be useful to teach this technique in
stages. First of all, ask patients simply to hold their breath (no bolus, no swallow).
Encourage them to hold their breath for particular periods of time (2, 5s, 7s). Then
progress to hold the breath and then exhale forcefully (again no bolus is used). Once
clinicians are satisfied that patients have sufficient respiratory reserve to support this
technique and to understand the steps involved, they can introduce the swallow and
the bolus. Finally the patient will progress to hold the breath, take the bolus in, swal-
low while holding the breath, then breathe out forcefully.

Individuals with reduced or delayed vocal fold closure and those with a delayed
pharyngeal swallow might benefit from this technique (Logemann, 1997). Individu-
als with diagnosed ‘silent aspiration’ may be candidates for this technique. Indi-
viduals who have difficulty coordinating swallowing and respiration may find this
technique successful as it provides a conscious structure to the patterning of swal-
lowing and respiration.

Individuals with an already compromised respiratory status (e.g. chronic obstruc-
tive pulmonary disease) may find that they can only employ this technique for short
periods of time. Fatigue may reduce the effectiveness of the technique. Note also that
both the supraglottic swallow and the super-supraglottic swallow are contraindicated
in individuals with a history of stroke or coronary artery disease, and those with acute
congestive heart failure or uncontrolled hypertension. This is because of the stress
that the breath-holding manoeuvres place on heart function (Chaudhuri et al., 2002).

THE SUPER-SUPRAGLOTTIC SWALLOW TECHNIQUE

The super-supraglottic swallow builds from the supraglottic swallow. This technique
uses effortful breath holding and forceful exhalation or cough after the swallow prior
to taking a breath in. The differences between the super-supraglottic swallow and the
supraglottic swallow are in the effort of breath holding and the force used to expel the
breath after the swallow. When effortful breath holding as opposed to voluntary breath
holding is employed the arytenoids are tilted further forward, the vocal folds (true and
false) come together and the laryngeal ventricles are obliterated. This provides a tight
mechanical valve. In order to achieve effortful breath holding, the individual may be
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instructed to take a deep breath and hold it, rather than just holding his or her breath.
As with the supraglottic swallow, breath holding (in this case effortful) is employed
prior to and throughout the swallow. The effortful breathing out, or throat clearing
or post-swallow coughing aims to use the subglottic pressure generated by that tight
laryngeal valve to blow out any pharyngeal residue up towards the oral cavity. From
here it can be swallowed again or expectorated. Bulow et al. (1999) make a good point
regarding instructions for this expulsion of air out after the swallow. It is important
that the individual be aware that the air should be expelled. In coughing we take a
breath in to generate the subglottal pressures required to cough effectively. It may be
safer to simply advise the individual to blow the air out after the swallow.

The indications for use of this technique is reduced closure of the airway entrance
(Logemann, 1997). As with the supraglottic swallow above, individuals with a com-
promised respiratory system, may find that this technique causes fatigue and may
decompensate while using it. In addition, those patients who have a history of stroke
or coronary artery disease are not advised to use this technique due to potentially
harmful cardiac consequences (Chaudhuri et al., 2002).

PHARYNGEAL EXPECTORATION

Pharyngeal expectoration (spitting out) is useful for clearing post-swallow pharyn-
geal residue. The instructions may be along the lines of bringing secretions up from
the back of the throat or a ‘truck driver’s spit’ (Huckabee, 2003). It relies on the
individual having sufficient pharyngeal muscle strength to bring post-swallow resi-
due from the pharyngeal region back up into the oral cavity. It aims to physically
remove accumulated pharyngeal contents. If it can’t go down, bring it back out of
the mouth.

Individuals with reduced laryngeal excursion and therefore likely poor UES
opening may benefit from this technique. People with poor laryngeal excursion are
more prone to pyriform sinus residue. Those with poor base of tongue function who
present with valleculae residue may also benefit from this technique.

Individuals with poor pharyngeal contractions may have trouble with the pha-
ryngeal expectoration technique as it requires them to use the pharyngeal muscles
to bring the bolus out of the pharynx and back into the mouth. It is socially rather
an unpleasant sound, and the individual must also discreetly dispose of the mate-
rial. For this reason it is likely that this technique is more of a short-term solution to
pharyngeal residue.

OTHER COMPENSATORY MANOEUVRES

The manoeuvres discussed above fall neatly into postural change strategies or air-
way protection strategies. There are, however, two other manoeuvres that are not
covered under these headings. These are the Mendelsohn manoeuvre and the effort-
ful swallow. These are described below.
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MENDELSOHN MANOEUVRE

The Mendelsohn manoeuvre is designed to address the problem of reduced laryn-
geal elevation during swallowing. The individual is instructed to hold the swallow
at the height of vertical movement of the larynx. Translated to the patient it is like
holding the swallow at the point where the base of the tongue is at its highest and
stopping the swallow midway. The effect of catching the swallow ‘midway’ is that
this is the height of laryngeal excursion. We know that, through hyolaryngeal excur-
sion, the UES is able to open due to the pulling motion on the UES via the cricoid
cartilage. With a prolonged period of hyolaryngeal elevation, the UES also remains
open for longer. There is therefore a better possibility of the bolus passing fully into
the oesophagus.

This manoeuvre is designed to be used with individuals who display reduced
laryngeal elevation during swallowing.

This manoeuvre requires the individual to have exceptional cognitive abilities.
In the author’s personal experience I have found only one or two patients capable of
understanding and then achieving the Mendelsohn manoeuvre.

THE EFFORTFUL SWALLOW

The effortful swallow involves instructing the patient to swallow very hard. I have
often asked patients to think of it as ‘trying to swallow the phone book’. The effort
in employing the technique increases posterior tongue base movement (Logemann,
1997). It is suggested that it is appropriate for reduced pharyngeal strength as it
uses the forceful movement of the tongue to increase external pressure on the bolus.
This then moves the bolus through the pharynx more effectively and reduces the
likelihood of residue. Bulow et al. (1999) noted that the muscle tension employed
to use this technique causes muscle shortening, which subsequently causes early
elevation, but decreased movement of the larynx and hyoid. The effortful swallow
technique does effectively shorten the route for laryngeal elevation (Bulow et al.,
1999).

It is suggested that the effortful swallow be used with individuals with reduced
pharyngeal contractions or weakness of the pharynx.

COMBINATIONS: HEAD POSTURES PLUS COMPENSATORY
MANOEUVRES

The clinician should be aware that the postures and manoeuvres outlined above need
not occur in isolation. It is possible to combine manoeuvres where appropriate. The
appropriateness of combining manoeuvres should be determined on a case-by-case
basis taking into account the underlying physiology of the dysphagia. For example, it
would be appropriate to combine a chin tuck with head rotation to the damaged side.
It may also be suitable to combine the supraglottic swallow with the neck extension
technique to be certain to protect the airway.
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DIET

Physically changing the patient’s posture or employing certain airway protection or
head postures may assist the individual with dysphagia. However, there will be cir-
cumstances where it is not possible to teach individuals the postures or be sure that
they will use the postures faithfully for every swallow. One of the first compensatory
acts is to change the type or texture of food and/or fluid the dysphagic individual
receives. Clinicians are aware, for example, that a thickened fluid is more cohesive
than a thin liquid bolus and travels more slowly than a thin liquid bolus. Cohesiveness
and slower transit hopefully equate to better oropharyngeal control of the bolus. The
physiological changes that occur when swallowing a thickened fluid bolus have been
described in detail in Chapter 3. For solids, the clinician should return to the process
of transitional feeding in infants. Recall that infants begin their foray into solids by
taking smooth, lump-free pureed foods. They then progress to minced food, finely
chopped foods, soft foods and finally ‘table foods’ that healthy adults enjoy.

The transitional feeding progression in the child relates to maturation of the teeth
and coordination of biting, chewing and mastication in the formation of a swallow-
safe bolus. The brain is being taught and laying foundations for patterned responses
in later life. When an individual presents with an acquired dysphagia, it is generally
the case that, once again, we revert to the safe pureed foods and progress through the
continuum back up to regular table foods.

The following section will briefly describe the types of foods and fluids that are
recommended by speech pathologists for individuals with dysphagia. It is important
to be aware that there is vast diversity in terminology for the gradations of foods and
fluids used in dietary recommendations. The variations in terminology are not coun-
try specific — they are not even state specific, but may vary from hospital to hospital
and nursing home to nursing home. The diversity in terminology makes it difficult
to communicate the dysphagic individual’s needs. The clinician should be diligent in
ensuring that any terminology used is as transparent as possible — preferably giving
descriptors to assist interpretation. Speech Pathology and Dietetic groups are mov-
ing towards standardization of terminology in the US (Clayton, 2002), Britain and
Australia. It is likely that this process is also occurring in other countries.

The following is a generic classification of solids and liquids into broad terms,
with examples provided to assist clarification. The classification progresses from the
most modified textures to standard textures.

SOLIDS
Vitamized food

Food in this category is smooth and lump free. It does not require chewing and
should hold together on the spoon (i.e. it is cohesive). Dysphagic individuals are
likely to have trouble forming a bolus by themselves. Vitamized food could also be
described as like mousse or pudding.
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Examples of suitable foods are vitamized meat and vegetables (extra gravy may
be required to make the food moist and less sticky), pureed pasta, pureed fruit,
custard; smooth cooked cereals, yoghurt, pureed scrambled eggs. Examples of foods
to avoid are bread, rolls, biscuits/crackers, muffins, dry cereals, cakes, pies, pastries,
whole fruit, nuts, soups that have chunks (e.g. minestrone), lettuce, stringy vegeta-
bles, corn, baked beans, lollipops/candies that require chewing.

‘Minced’ food

Food in this category is soft and requires minimal chewing. The food is still moist
and should be easy to form into a bolus. Foods in this category should be able to be
deformed by using the tongue to squeeze the bolus against the palate.

Examples of suitable foods are those listed for the vitamized diet plus the fol-
lowing: minced or finely chopped meats and vegetables (extra gravy may still be
required to add moisture to the food), puddings and custards, soft moist cakes, fork-
mashed soft fruits, poached, scrambled or soft-cooked eggs, and well cooked soft
and moist pastas.

Avoid dry or coarse cereals, dry or coarse cakes or biscuits/cookies, dried fruits,
tough meats (e.g. bacon, sausages), sandwiches, potentially mixed textures (e.g. ce-
real with milk), hot or cold potato chips, corn, peas, beans, lettuce, nuts, lollipops/
candies that require chewing.

‘Soft’ food

Food in this category is close to approaching regular table food. Due to the process
of ageing or disease, some individuals may find firm or hard solid food difficult to
bite and chew. Moreover, individuals with dentures often have difficulty biting and
masticating hard foods, such as raw apples. Foods in this category are, therefore,
modified to exclude items that are particularly hard, firm, brittle, sticky or crunchy.
Adequate dentition and chewing ability are required. The elderly may naturally
gravitate to this mild form of diet texture modification due to difficulties with denti-
tion and mastication that are associated with normal ageing.

Examples of suitable foods are well-moistened cereals, soft-filled sandwiches
(e.g. spread filling, not meat and salad filling for example), casseroles, rice dishes,
canned and cooked fruits, eggs.

Examples of foods to avoid are tough and crusty breads, biscuits/cookies, dry
cakes, dried fruit, hard fruit (e.g. apple, pear), stringy fruit; dry meat, fish or chicken
dishes, raw vegetables, nuts, candies/lollipops that require chewing.

Regular or ‘table’ foods

There are no limitations to textures or types of foods in this category. Individuals
would probably have fully functioning dentition (either their own teeth or well fitting
dentures) and have no weakness of the oral musculature required for mastication.
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Special categories

Liquid puree includes soups and foods that have been turned into a liquid format.
High energy fluids are a category ‘designed’ by dietitians to meet the nutritional
needs of individuals who are unable to cope with traditional purees. Foods in these
categories may be used for oncology patients, jaw-wired patients or patients who
have undergone maxillo-facial surgery.

FLUIDS

Thickened fluids can be purchased fully prepared from commercial distributors in
tetra packs and larger containers. Thickened fluids can also be made up to the de-
sired level of thickness using varying levels of commercially available powdered
thickeners to reach the desired consistency. Depending on the thickening agent used,
most varieties of fluids can be thickened, including hot and cold fluids. Carbonated
fluids can be thickened, however, they tend to lose their carbonation in the thicken-
ing process and can taste quite syrupy. Although water can be thickened, it tends to
acquire the taste of thickener (however mild) and tends no longer to taste like water.
A weak flavouring (e.g. cordial) can mask the mild flavour of the thickener and
also allow ingestion of more pleasant tasting thickened water. The clinician should
be aware that the ‘base substance’ (i.e. juice, water, milk or dairy product) has an
effect on how much thickener should be added to achieve the desired consistency.
For example, less thickener is added to a juice-based drink than a milk-based drink
for both drinks to achieve the same degree of ‘thickness’. The clinician should also
be aware that thick fluids have a ‘standing time’. The standing time is the time taken
for the thickened fluid to reach its stable level of ‘thickness’ after the powdered
thickener is added to the fluid. For some fluids this time is 5 minutes, for others
closer to 15 minutes. Some fluids then remain stable, whereas others continue to
thicken on standing. This is when the fluid continues to thicken with time, even
though no more thickener powder has been added. It can turn a nectar-like fluid into
a semi-thickened fluid over the course of a day. Thickened fluids vary in their degree
of thickness depending upon temperature. There are some everyday examples that
illustrate this point nicely. Think of honey and also toothpaste. During summer the
honey is very runny and it is very easy to squeeze the toothpaste from the tube. Dur-
ing colder months, however, the honey becomes thicker and the toothpaste becomes
more viscous, hence a greater degree of pressure is required to squeeze it out of the
tube. Thickened fluids behave in a similar fashion — they vary with temperature,
often becoming thinner when heated. Some thickeners are designed to maintain the
degree of thickness regardless of whether they are added to a hot liquid, or if the
liquid is frozen. Individual thickeners should be scrutinized, however, for what they
are able to achieve. Each of the variables detailed above should be considered by
the clinician when teaching patients or their carers how to make up thickened fluids
for home or community use. Further details about thickened fluids and the study
of rheology and material characterization can be found in Chapter 3. In an ideal
world individuals would receive a fluid that is thickened to precisely the amount they
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require to make it safe for them to swallow, but no more than that. Due to the mass
production of thickened fluids that by necessity occurs in hospitals and aged-care
facilities, it is common practice to use only two to three different levels of thickened
fluids. Unfortunately, the economics allows little chance of individualization. Three
levels of thickened fluids are described below.

e ‘Full thick’ or ‘pudding-like’ thickened fluids. These fluids are cohesive and hold a
shape on a spoon. It is not possible to pour these fluids from a cup into the mouth.
It is not possible to ingest this thickness of fluid using a straw. Spoon is the optimal
method of ingesting this type of thickened fluid.

e ‘Half thick’ or ‘smooth drinking yoghurt consistency’ thickened fluids. These flu-
ids are sometimes known as ‘honey-thick consistency’. They are also cohesive,
and pour slowly. It is possible to ingest these fluids directly from the cup; however,
they do pour quite slowly. These fluids would pour in a slow, steady stream from
a spoon. It would be very difficult to ingest this thickness of fluid using a straw,
although it may be possible using a wide-bore straw.

e ‘Quarter thick’ or ‘nectar-like’ thickened fluids. Fluids in this category pour rea-
sonably rapidly from a cup. They generally leave a residue in the cup after being
poured out and may leave a ‘coating feeling’ in the mouth. It is possible to ingest
this level of fluid thickness from a cup or using a straw.

e ‘Regular’ or ‘thin fluids’. These are the fluids healthy individuals ingest on a daily
basis. They are free flowing and fall rapidly when poured. They can be ingested
easily by cup or straw.

Note, thick fluids are not an ‘all-or-none’ phenomenon. An individual may be
eligible to test sips of thin fluids under strict supervision, while consuming thickened
fluids at other time independently. Decisions such as these should be determined on
a case-by-case basis.

DIET — OTHER CONSIDERATIONS
Administration of medications

The clinician should also give consideration to patient safety in swallowing oral
medications. It is inappropriate for individuals who require full thick fluids and a
vitamized diet to be expected to swallow 3—4 capsules or tablets per day. After con-
sultation with the patient’s medical doctor and pharmacist the following alternatives
could be considered if appropriate:

« crushing the tablets and dispensing them in a spoonful of thickened fluid;
¢ liquid as opposed to tablet form;
« alternative methods of administration (e.g. suppository).

Note that some medications are unsuitable for crushing. For example, some medica-
tions have an enteric coating that prevents them from being ‘broken down’ and dis-
persed until they reach the stomach — it is inappropriate to crush such medications.
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The patient’s physician and pharmacist should be consulted with regards to admin-
istration of medications in the individual with dysphagia.

Oral hygiene

It is particularly important for individuals with dysphagia to have good oral hygiene.
Langmore et al. (1998) found that dependency for oral hygiene and number of de-
cayed teeth ranked as second and third on the list of ‘best predictors’ for a dysphagic
individual to develop aspiration pneumonia. If there are concerns about patients
swallowing their toothpaste, then a toothpaste with a smaller percentage of fluoride
can be used — e.g. a toothpaste intended for paediatric use. Alternatively water can
be used to moisten the toothbrush and dispense with the toothpaste altogether. Much
like scrubbing the grime from a dirty floor, it is more the circular, abrasive action
of the brush against the teeth that removes plaque than the toothpaste per se. Alter-
natively, the ability to hold a small amount of rinsing water in the mouth and then
expectorating it could form quite a good therapeutic task for voluntary oral control
of a volatile bolus (i.e. water). Rehabilitation strategies are discussed extensively in
Chapter 12. Oral hygiene should be remembered, particularly with individuals who
have a unilateral sensory loss and are prone to pocketing food in the buccal cavity.

RATE OF ORAL INTAKE AND ROUTE OF INTAKE

Swallowing compensation can also be achieved by altering the rate at which food or
fluid is provided to the oral cavity and also the route of intake. Clinicians will gener-
ally want dysphagic individuals to slow down the rate at which they put food or fluid
into their mouth. This is particularly the case with individuals following TBI or in-
dividuals who have a right hemisphere deficit — both groups are prone to impulsivity
and poor self monitoring. Ways of reducing the speed of oral intake include:

* using a teaspoon rather than a standard-sized spoon (this also reduces volume);

 using a small cup (i.e. 100ml capacity) rather than a standard-sized cup (250 ml
capacity);

« using a cup with a lid and sipper moulding — with or without a one-way valve;

» use of wrist weights to encourage the individual to put the fork or spoon down
between mouthfuls.

In addition to modifications by way of smaller versions of cups and spoons to adjust
the amount of oral intake an individual receives, there are other devices that can
assist the individual with dysphagia. For example, a ‘dysphagia cup’ has been de-
signed. It is oval shaped so that the individual has sufficient room for his or her nose
while tipping the cup up. It has a large handle on the side to assist individuals with
less than optimal fine motor function. It is also weighted so that its base is heavy,
encouraging the individual to put the cup down between mouthfuls. The heavy base
also provides the cup stability, with it being less prone to being accidentally tipped
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over. Other methods of altering the way in which individuals receive their solids or
fluids may have to be individually tailored. I had some success modifying a sauce
bottle by attaching a piece of flexible straw-like tubing to its end so that individuals
could use their hand to squeeze the fluid up the tubing and deliver it to the posterior
of the oral cavity. The person for whom this adaptation was made had had a large
proportion of the soft palate removed due to cancer. He was finding it difficult to
manipulate the fluid so that it flowed down his stronger side. The task of drinking
was much less taxing for this patient because he was able to deliver the bolus to the
posterior of the oral cavity and direct it to his stronger side.

Despite our best efforts, it is not always possible for individuals to keep taking food
and fluids orally. It is necessary for some individuals to be fed by non-oral methods.
Aspiration is one reason why individuals may be fed for the short or longer term non-
orally. Fatigue may also play a part in determining a role for non-oral feeding. Indi-
viduals who take 10s or more to prepare every mouthful will be too fatigued to meet
all of their nutritional needs orally. Some of these non-oral feeding methods include:

 nasogastric feeding (NGT);

e gastrostomy feeding (also known as PEG — for percutaneous endoscopic
gastrostomy);

e total parenteral nutrition (TPN); and

e an intravenous line (IV).

A nasogastric tube allows for nutrition to be delivered to the individual without the
added pressure of eating while the individual is recovering. The nasogastric tube is
placed into the nose, passes down the pharynx, through the UES, and into the oesopha-
gus. The NGT is generally considered a short-term solution. Agitated patients are prone
to pulling their NG tubes out due to irritation. Patients with NG tubes are also prone
to reflux. Percutaneous endoscopic gastrostomy are generally considered a long-term
solution to the issue of non-oral feeding. Here a surgical incision places an entry point
permanently into the stomach for direct placement of the nutritional bolus. Percutaneous
endoscopic gastrostomies can be removed if patients improve to the point where they
no longer need them. Complications with this procedure include, the risk of infection
around the stoma site, soreness of the site and leakage out of the stoma. Total parenteral
nutrition is reserved for patients who are unable to take nutrition via enteral means, i.e.
via the stomach and digestive system. With TPN, a nutritionally complete solution is
infused directly into the bloodstream. It is often administered via the subclavian vein.
IV lines are used to provide the patient with hydration. It does not provide nutrition per
se. Acutely ill individuals can tolerate a short period of time (~48 hours) with IV fluids
only before a means of providing nutrition (oral or non-oral) must be achieved.

Note that oral and non-oral feeding are not ‘all-or-nothing’ phenomena. It is
possible for an individual to receive non-oral feeding and, when safe, commence
small amounts of oral intake. This is often done in the middle of the day when the
individual is most alert and least likely to be fatigued. Non-oral feeds can be gradu-
ally reduced so that the individual experiences the sensation of hunger and is thus
more likely to want to eat food orally.
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PROSTHETIC DEVICES AND SURGERY

The use of surgery or prosthetic devices is another more radical form of com-
pensation for dysphagia. In one case, an individual seen clinically who presented
with surgical removal of the right portion of the soft palate, a surgical device
provided both improved communication and improved swallowing. The speech
pathologist accompanied the patient to a prosthedontist who designed and fitted
an obturator for the patient. The obturator was a plate-like device that attached to
the patient’s existing upper teeth. It had a large bulbous portion at the posterior
region that acted to fill the void left by surgical removal of the portion of soft
palate tissue. The prosthesis required a tongue impression and it was reshaped
so that it was individualized for the patient. Although speech therapy was still
required to enhance communication after fitting the obturator, the patient’s com-
munication and swallowing skills were significantly improved when the obturator
was used.

The obturator is also known as a palatal augmentation prosthesis. This device
has most commonly been used for individuals who have sections of the oropharynx
removed due to cancer, especially after glossectomy. It is also useful for individuals
with impaired tongue mobility due to trauma or neurological disorders (Marunick
and Tselios, 2004). The prosthesis allows for an augmented palate to be created. It is
possible, for example, to ‘build up’ the prosthetic palate so that the vault of the hard
palate is lowered. Hence the patient with limited tongue movement is more likely to
be able to achieve tongue-to-palate contacts, which are required for both speech and
swallowing. This type of prosthesis may particularly assist the oral stage of swal-
lowing, assisting with more efficient food preparation and reducing the likelihood of
oral residue (Light et al., 2001).

A palatal lift is another prosthetic device that may be considered when there is
minimal or no elevation of the soft palate. In addition to extremely poor soft palate
function, the potential candidate should also have a reduced gag reflex. This is to
ensure that when the prosthesis is in place the device does not trigger a gag reflex.
When the device is in place the incompetent soft palate is brought level with the
hard palate. The uvula, however, is not covered. The width of the lift section var-
ies from patient to patient (Light et al., 2001). This device is particularly useful
for reducing nasal air emissions by providing a mechanical barrier for air leakage
into the nasal cavity. In addition, intraoral air pressure is improved for speech. It
is also possible to use the palatal lift prosthesis in combination with the palatal
augmentation device. Together these devices may be useful for the treatment of
speech and swallowing disorders where the deficit lies with the soft palate region
(Light et al., 2001).

These prostheses have some disadvantages. They include:

o discomfort;
 poor mouth odour as a result of accumulated food residue on the prosthesis;
« continuing velopharyngeal insufficiency;
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« elimination of sensory feedback from the intact mucosa of the hard palate, as the
prosthesis now covers this portion;

« difficulty in social situations due to the large size of the prothesis (Sinha et al.,
2004).

In order to address these issues, Sinha et al. (2004) have reported on the use of a
folded radial forearm free flap to reconstruct the palate. This type of surgery is
obviously only suitable for individuals who have had portions of the velopharynx
surgically removed. This type of surgery would not be suitable for individuals with
velopharyngeal insufficiency as a result of neurological deficit. The radial foream
free flaps have the benefit of being able to restore sensation as one of the antebra-
chial cutaneous nerves is attached to the glossopharyngeal or greater palatine nerve.
These flaps do not, however, restore dynamic function to the region. They work in
the same way as the prosthesis, although they have the advantage of being perma-
nent and re-establishing sensation where possible.

Selley (1985) has reported on the use of an intra-oral device called a palatal
training appliance. The palatal training device is designed and fitted by a dental
surgeon. The appliance consists of a I mm stainless steel piece of wire that is bent
into a U shape. The device is bent to conform to the shape of the patient’s resting soft
palate, with the bottom of the U shape lightly touching the soft palate near the base
of the uvula. The aim of the device, which is worn throughout the day, is to stimu-
late a reflexive swallow. The mere presence of the device in the mouth causes some
initial increased salivation. It is possible that the increased sensory stimulus offered
by additional saliva in the oral cavity may in fact be more of a catalyst for improving
swallowing function, simply by increased practice!

CLINICAL CONSIDERATIONS

When considering a prosthesis or surgery for velopharyngeal deficits following sur-

gery, trauma or neurological deficit, Marunick and Tselios (2004) suggest evaluation

of the following:
(a) mobility and sensory status of the remaining structures (mandible, floor of
mouth, tongue, lips, cheeks, velopharyngeal complex), (b) interach space, (c)
maxillomandibular relations, (d) dentition, (e) alveolar ridges, (f) salivary func-
tion and (g) radiotherapy on soft tissue. In addition these should be evaluated
in conjunction with swallowing studies, patient expectations, and patient mo-
tivation. These factors in combination will allow the determination of realistic
treatment goals (Marunick and Tselios, 2004: 68).

SURGERY

Surgery and temporary surgical implants have been a consideration for individuals
with poor airway closure due to paralysis of one of the vocal folds. Medialization
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thyroplasty has most often been associated with surgical restoration of voice; how-
ever, it may also be used for individuals with poor airway closure. An inability to
protect the airway during swallowing places the individual at risk of aspiration. The
concept behind medialization is that an additional bulk is added to the damaged vo-
cal fold. This is done by either surgically inserting an implant (Type I thyroplasty),
or injecting the damaged cord with Teflon or Gelfoam. For Type I thyroplasty the
implant is placed between the thyroid cartilage and the vocalis muscle (Woo, 2000).
Both the surgical and injection procedures are carried out by a qualified surgeon
(e.g. an ENT surgeon). Some patients are not suitable candidates for medialization
thyroplasty. These include those with bleeding disorders or compromised immune
status, those undergoing chemotherapy and those with poor wound healing.

After vocal fold paralysis both biomechanical and histological changes occur.
Apart from immobility of the damaged cord, there is also an absence of vocal fold
tension and muscle atrophy begins. These factors work to change the position of the
vocal fold. The medialization thyroplasty and injection procedures aim to reshape
the position of the cord and also the stiffness of the damaged cord (Woo, 2000). With
the damaged cord bulked up and in a more midline position, the functional cord has
a better chance of contacting with it to provide adequate airway closure. Arytenoid
adduction may also be performed in conjunction with medialization thyroplasty.

Even with successful medialization thyroplasty there may still exist a ‘posterior
chink’ or opening. This posterior opening would mean that a portion of the cords
was not entirely closed and could allow material to be aspirated through the opening.
In order to address this problem, the surgical approach of arytenoid adduction may
be used. Again, a qualified surgeon is best placed to recommend the type of surgery
most suitable for individual situations.

As noted above, the medialization thyroplasty and injection procedures have
been used predominantly for improvement in vocal quality; however, few objective
data are available for swallowing outcomes (Bhattacharyya et al., 2002). Unilateral
vocal fold immobility most commonly results from thoracic or cardiac surgery, fol-
lowed by malignancy, with a small percentage associated with idiopathic origin,
high vagal or intracranial causes or neck mass (Nayak et al., 2002). It is also more
commonly left-sided (Bhattacharyya et al., 2002). Caution is warranted given that
surgery may result in inadvertent trauma to the strap muscles, the superior laryngeal
nerve or the ansa cervicalis. These could, in turn, lead to postoperative swallow-
ing disorders associated with reduced laryngeal elevation or even reduced laryn-
gopharyngeal sensation (Bhattacharyya et al., 2002). So it is possible for patients
to present with adequate swallowing but poor voice quality before the procedure,
and then after the procedure have better vocal quality but poorer swallowing per-
formance (Bhattacharyya et al., 2002). It should also be fully ascertained via thor-
ough assessment (see Chapter 8) that the swallowing problem does indeed arise
from poor glottic closure. Deficits such as reduced laryngeal excursion or poor pha-
ryngeal propulsion will not be improved by the surgical or injection techniques.
Note also that the injection techniques may also pose problems if the substance
injected strays from its intended location resulting in potential airway compromise
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(Kelly, 2000). The clinician and the medical team should be very clear as to the
cause of the problem before embarking upon treatment, with the treatment designed
to address the specific problem. Further research is required to determine those who
are most likely to benefit from the medialization thyroplasty or injection.

CRICOPHARYNGEAL MYOTOMY

Cricopharyngeal myotomy is probably the best-known surgical intervention for dys-
phagia. It is a surgical procedure whereby the fibres of the cricopharyngeal muscle
are cut to permanently open the sphincter. It was first used in 1951 as a treatment
for post-polio dysphagia and is designed to relieve pharyngeal obstruction (Kelly,
2000). Logemann (1998: 147) more completely describes the procedure as: ‘an ex-
ternal incision through the side of the neck into the cricopharyngeal muscle, slitting
the fibres from top to bottom, usually at the posterior midline’. Shin et al. (1999) ex-
plain that there are in fact two surgical approaches for myotomy — posterior section
(as described above), and lateral section. Bilateral lateral section has been shown
to be more useful than posterior section (Shin et al., 1999). The myotomy incision
usually extends upwards to include part of the muscle and downwards into part of
the oesophageal muscle. Extreme caution must be exercised due to the close prox-
imity of the recurrent laryngeal nerve. Cricopharyngeal myotomy is most suited
to individuals with disorders specific to the cricopharyngeal region. Kelly (2000)
advocates use of the procedure when there is defective opening of the UES but with
adequate hyolaryngeal excursion and adequate tongue and pharyngeal propulsion
forces. Individuals selected for the procedure should also be medically and neuro-
logically stable. The most common contraindication for the procedure is medical
instability.

Cricopharyngeal myotomy is best used in individuals who present with cricopha-
ryngeal spasm and also Zenker’s diverticulum (Veenker et al., 2003). Cricopha-
ryngeal spasm is where the cricopharyngeal muscle fails to relax adequately or
completely, causing an anchoring effect on the larynx, preventing its normal move-
ment of lifting upward and forward (Logemann, 1998). Zenker’s diverticulum is
an outpouching of the oesophageal mucosa through Killian’s triangle anatomically
located between the transverse fibres of the cricopharyngeus and the oblique fibres
of the inferior pharyngeal constrictor (Veenker et al., 2003). The studies that advo-
cate use of myotomy for these conditions have small subject numbers (Kelly, 2000;
Veenker et al., 2003).

Cricopharyngeal myotomy has been used in the paediatric (newborn) population
for primary cricopharyngeal achalasia. The achalasia results from the cricopharyn-
geal muscle failing to relax at the appropriate time in the swallowing process, de-
spite an absence of motor abnormalities (Korakaki et al., 2004). The authors in the
study report, however, that dysphagia persisted for up to 5 months after surgery and
was likely linked to concurrent oesophageal abnormalities. The disorder is relatively
rare and difficult to diagnose. Symptoms appearing in the weeks after birth may
include coughing, choking, regurgitation of saliva and milk, nasal reflux, recurrent
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aspiration, pneumonia and failure to thrive (Korakaki et al., 2004). Korakaki et al.
(2004) report that feeding can commence on the first day after surgery although it
may take some time for the infant to sustain adequate nutrition purely by oral means.
Supplementary feeding by way of nasogastric tube or gastrostomy may be required
to ensure that the infant continues to thrive.

Cricopharyngeal myotomy has also been used in the motor neurone disease
population (MND), also known as amyotrophic lateral sclerosis (ALS). It is a sur-
gical intervention that is aimed at promoting oral intake for as long as possible
in this population. The success rate, however, is 30% to 50%, with improvement
often only being temporary (Shin, et al., 1999; Ryuzaburo et al., 2002). The authors
of this study strongly advocate that the oral and pharyngeal phases of swallowing
should be evaluated using both videofluoroscopy and manometry. Each technique
(described further in Chapters 7 and 8) provides complementary information. In
practice, videofluoroscopy is the most common method of diagnosis together with
a thorough patient history. Radiographically the clinician may see an obstruction to
thick fluids or solids or a hypopharyngeal bar that obstructs greater than 50% of the
lumen. Manometry, an advantageous adjunct, is often not available (Kelly, 2000).
Ryuzaburo et al. (2002) suggest that cricopharyngeal myotomy is not recommended
for motor neurone disease/ALS patients who present with poor tongue function or,
those with weak pharyngeal strength but a normally relaxing UES. Cricopharyn-
geal myotomy is not a cure-all. It must be tailored to specific cricopharyngeal dys-
function to be effective. Note that UES tone is not abolished during the procedure
but is reduced by about 50%. Moreover, myotomy does not increase the prevalence
of regurgitation in patients who undergo the procedure for pharyngeal dysphagia
(Williams et al., 1999).

LARYNGEAL SUSPENSION

Laryngeal suspension is another type of surgical procedure that may be suitable
when there is severely inadequate or even absent elevation of the larynx during swal-
lowing. The complications of this may be insufficient opening of the cricopharyn-
geus or UES, and also aspiration. The aim of surgery in this case is the permanent
positioning of the larynx in an elevated and anterior position to physically move it
out of the way of the incoming bolus. During surgery, the larynx may be fixed to
the hyoid bone or suspended from the mandible by wire or thread. By elevating the
larynx in this manner, the UES is opened. The larynx in its new position is also rest-
ing up high under the base of the tongue. The close location of the base of tongue to
the opening of the larynx may cause the patient respiratory difficulties (e.g. dyspnea)
S0, again, the surgeon will exercise extreme caution in the final positioning of the
structures.

Note that surgery and injection should be considered only after natural recov-
ery has ceased and all therapy techniques have been exhausted. The prosthetic,
surgical and injection treatments are included in this chapter as they are a way of
compensating for physiologic insufficiency. In performing the procedure they effect
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permanent change. Some may see this more as a rehabilitative procedure; however,
it is included here for the sake of completeness.
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12 Swallowing Rehabilitation

JULIE CICHERO

It is unquestionable that eating and drinking are activities required to sustain life.
However, the vast majority of our social activities revolve around eating and drinking
too. Celebrations and meetings are often set around meal times. For older individu-
als who no longer work, time of day is determined by meal time. Even from our own
experiences, when on holidays for example, decisions regarding food take a pleasant
priority. The aim then of any swallowing treatment is to maximize participation in
these life events. The previous chapter provided discussion about swallowing compen-
sation. It was likened to using a crutch to allow the individual to eat or drink with an
aid. Note, however, that the aid must always be present, and without it they would not
be able to eat or drink successfully. Rehabilitation on the other hand aims to improve
substantially — or, preferably, permanently fix — the underlying disorder. In this way
the individual resumes eating and drinking in as normal a manner as possible. The
task may be achieved slightly differently, for example, by using different muscles or
muscle sets to assume the function of damaged muscles, but the outcome is independ-
ence in safe eating and drinking. Behavioural treatment for swallowing disorders has
been described in the literature since the mid 1970s, with a dramatic increase in litera-
ture pertaining to dysphagia treatment since the early 1990s (Langmore and Miller,
1994). There has also been a change to the administrator of swallowing rehabilitation
in this time frame. Earliest swallowing therapists tended to have a background in
occupational therapy and nursing. It is only since the early 1980s that speech patholo-
gists have had a stronger presence in the field (Langmore and Miller, 1994).

Logemann (1999) states that the best treatment for swallowing is swallowing!
Individuals must practise the task that they are wishing to improve in order to be
successful. Consequently, this chapter commences with a summary of information
from the field of human movement studies, and the principles of rehabilitation of
function. Exercises specific to swallowing function are also discussed. The use of
technology with swallowing rehabilitation is discussed, with particular reference to
surface electromyography (SEMG) and electrical or neuromuscular stimulation. It
is also important to remember the role of our instrumental assessment techniques
in this chapter and to determine how these assessments can be used therapeutically.
In conclusion, the chapter provides special mention of the non-oral patient and why
treatment of this population is critical.

In our quest for new treatments for individuals with dysphagia, speech pathologists
need to look at the evidence base for what it is we do. This evidence is required to
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allow us to reach a decision about optimal care for our patients. Dysphagia treatment
is relatively new (Reilly, 2004), and as such we are in the process of developing the
evidence base for what we do. Evidence is required to demonstrate efficacy. It is ac-
knowledged, however, that there may not always be evidence for what we do. Often
times clinicians begin a course of treatment that ‘seems to work’. This does not con-
stitute an evidence base. It can, however, be used to generate clinically relevant re-
search questions and hypotheses that should be tested. These are powerful questions
because they have been driven by ‘real world’ experiences (Barbui, 2005). However,
research rigour is required in order to ‘prove’ their efficacy. Where no evidence base
exists for a particular type of swallowing therapy, for example, it is appropriate to
look at other disciplines where evidence does exist and use these as a starting point
to generate our own discipline-specific evidence. It cannot be implemented without
modification, but can allow the researcher and clinician a framework to commence
the development of evidence. In addition, where no evidence exists, the clinician
and researcher should also ask the question ‘Should this treatment be beneficial?’
In order to answer this question, the researcher and clinician needs a sound under-
standing of the principles that underpin the proposed therapy and the nature of the
impairment that is targeted (Clark, 2003). Principles of evidence-based practice and
bridges and barriers to their implementation are discussed now to set a framework
for the remainder of the chapter.

EVIDENCE-BASED PRACTICE IN SWALLOWING
REHABILITATION

Evidence-based practice is defined as a ‘conscious, explicit and judicious use of
current best evidence in making decisions about the care of individual patients’
(Knottnerus and Dinant, 1997, p. 1109). Simply stated, clinicians should use tech-
niques for treatment that have a proven track record. This track record should be
based on large numbers of individuals, where studies have been well designed, well
controlled, and scientifically analysed. It is tempting to continue along a particu-
lar path for historical reasons, using the ‘that’s the way it has always been done’
philosophy. This approach, however, does not constitute evidence, and adherence
to its philosophy presents as a barrier to proven techniques. For example, the chin
tuck technique has been used as a generalized treatment for all individuals with
dysphagia. It is broadly based on the premise that tucking the chin is a mechani-
cal method for protection of the larynx because it narrows the airway entrance and
reduces the distance between the tongue base and pharyngeal wall (Poertner and
Coleman, 1998). Logemann has been reported as saying that the chin tuck is often
a first line of management for oropharyngeal dysphagia, with effective elimination
of aspiration more than 50 per cent of the time (Bulow et al., 1999). If we extend
the neck backwards during resuscitation to open the airway, then logically in flexing
the head forward, we offer mechanical protection to the airway. However, research
conducted in 1999 has shown that the chin tuck technique is contraindicated in cer-
tain populations; specifically individuals with weak pharyngeal constrictor muscles
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(Bulow et al., 1999; Bulow et al., 2001). Chin tuck with this population increases
the likelihood of aspiration rather than preventing it. The effect of loosening the
pharyngeal constrictors was noted with both healthy and dysphagic individuals. Yet
there are many clinicians, nurses and carers who routinely use a chin tuck technique
with all individuals with swallowing disorders, believing they are acting in their
best interests. It is noted that the data base for the Bulow et al (1999; 2001) studies is
very small with only eight participants in each of the control and dysphagia groups.
However, the research methodology was thorough and sound.

It is acknowledged that research may be difficult to design so that it meets the
dual purpose of clinical validity and research rigour. Often studies are undertaken
on homogenous populations in an attempt to rule out confounding variables pre-
sented by different aetiologies. However, in the real world, patients may present with
several problems, or co-morbidities. As a result these individuals are often under-
represented in the research literature, yet make up the larger portion of the clinician’s
clinical caseload (Knottnerus and Dinant, 1997). Randomized clinical controlled
trials have been in the process of development for 50 years, with clinical questions
bent to fit their framework, rather than controlled clinical trials designed to fit the
clinical situation (Knottnerus and Dinant, 1997). Knottnerus and Dinant (1997) sug-
gest that quasi-experimental methods that respect the principles of the randomized
clinical controlled trials may be of more benefit in the ‘real world’.

THE PATH FROM GENERATION OF RESEARCH EVIDENCE TO
CLINICAL APPLICATION

Haynes and Haines (1998) have put forward a pathway from generation of research
evidence to the application of evidence in the clinical setting. They correctly state
that much research and new innovations start in laboratories. Many remain there,
either unsuitable for clinical implementation due to cost or technology, or are simply
discarded. Those techniques that pass the initial laboratory type assessments should
then undergo trials in the clinical arena to assess benefit and harm. Again it is at
this stage where more techniques will either fail and be discarded or be deemed to
provide benefit and progress to larger scale controlled trials with note of clinical
outcomes. It is at this point that efforts should be made to disseminate the findings
and promote application of the new technique. Introduction of techniques before
they have been properly evaluated runs the risk of implementation, which is then
very difficult to withdraw from practice even when the utility of the technique has
been disproved (Haynes and Haines, 1998).

Clinicians are now better educated about looking for research evidence to
strengthen their decision-making. They do not always have the specific skills to de-
termine good from poor research design. Publication in a journal does not always
guarantee high-level research rigour. Clinicians need to be mindful of properly
evaluating the literature before implementation of new techniques. In saying this it
is acknowledged that this is a time-consuming task which is difficult to incorporate
in conjunction with the important task of assessing and treating clients. Haynes and
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Haines (1998) reported that new ‘abstracting services’ are evolving in which stud-
ies with direct clinical impact are critically appraised. These short appraisals are
then summarized in a journal. The international peer-reviewed journal Dysphagia
includes a section titled ‘Comments on selected recent dysphagia literature’. This is
the beginning of such a service. To the best of my knowledge a dedicated abstract-
ing service has not yet been developed for dysphagia or speech pathology treatment.
As a profession, however, we should prioritize such a service. The Cochrane Col-
laboration summarizes all randomized controlled trials of healthcare interventions;
however, it does not cover the quasi-experimental studies discussed above. There are
also many excellent texts that have recognized the importance of this task (Reilly
et al., 2004); however, access to an online up-to-date database of critically appraised
studies with clinical impact critiqued by professional clinical researchers would be
most beneficial.

MAKING ‘BEST PRACTICE’ CLINICAL DECISIONS

There are a number of elements that are critical to making ‘best practice’ clinical
decisions. These include: (a) remembering the evidence correctly at the right place
and time, (b) defining each patient’s unique circumstances, (c) asking the patient’s
preferences, and understanding the patient’s values and rights (Haynes and Haines,
1998). Exploring these in more detail, clinicians need to commit to continuing pro-
fessional development to ensure that they are aware of reputable ‘best practice’. They
need to be responsible for understanding the circumstances where treatments should
and should not be applied. Each individual patient is unique. Thorough assessment
is required to determine what specifically is wrong with the patient and assess how
this affects the individual. Clinicians also need to determine whether there are any
other problems that might influence choice of treatment, and the treatment that will
be the safest and most effective. For example, the supraglottic swallow is used as
an airway protection technique (see Chapter 11). For individuals without sufficient
cognition or new learning abilities, as in the case of multiple strokes, severe head
injury or dementia, the use of this technique is not recommended. Apart from cogni-
tion, the clinician also needs to consider complicating factors such as expressive or
more importantly receptive language disturbances (dysphasia). These deficits may
affect the individual’s ability to understand the clinician’s instructions. The patient’s
insight into their problem is also critical. If they don’t perceive that they have a prob-
lem their motivation and compliance with treatment will be significantly reduced to
non-existent. Complicating factors such as depression can also reduce motivation to
complete therapy. These aspects of rehabilitation are discussed further below. Evalu-
ation of these factors requires clinical experience and expertise. All of this needs to
be tempered with the client’s preferences and rights to accept or refuse treatment.
Given all of this, it should be obvious that to design a meaningful treatment plan
for an individual is a unique, patient-specific task. No cookbook will ever produce a
meaningful treatment plan. The following information provides basic principles in
rehabilitation; however, the clinician must tailor the information to the client in front
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of them. Evidence from the literature will be critically analysed in this chapter to
assist the clinician in interpreting the evidence base for swallowing rehabilitation.

EXERCISE PHYSIOLOGY AND THERAPY FOR INDIVIDUALS
WITH DYSPHAGIA: BASIC PRINCIPLES

Human swallowing is a complex task requiring the coordination of numerous mus-
cles and cranial nerves. While it is tempting to look at the rehabilitation of individual
muscles, the clinician must understand that it is the coordinated action of sets of
muscles that allows the act of swallowing to be successfully achieved. As noted
above, therapy should be patient-specific. It should come as little surprise then that
evidence relating to swallowing therapy is population specific, with the largest popu-
lations reported being cerebral palsy, stroke and Parkinson’s disease (Reilly, 2004).
Unlike many drug trials, the numbers of participants in the swallowing therapy stud-
ies are often comparatively small. Therapy reported revolves around a small number
of quite specific exercises that either address one aspect of the swallowing process
(e.g. oral motor exercises) or combined compensatory and rehabilitation approaches
(see Table 12.1). Often the clinician may need to apply a combination of compensa-
tory strategies (as discussed in Chapter 11) in addition to rehabilitation exercises.
The balance between the two may shift as the patient improves in function. So for
example, a higher proportion of compensation may be required initially when dys-
phagia is most severe and gradually reduced as swallowing function improves. How-
ever, to produce the improvement, rehabilitation strategies need to be employed.
With a relatively short history in dysphagia therapy, we are still learning about the
rehabilitation process (Huckabee and Pelletier, 1999). As newcomers to the field
of rehabilitation, it is logical that we can learn much from discipline fields devoted
to human movement. These are variously termed: human movement studies or sci-
ence, kinesiology or sport and exercise science. These fields encompass an under-
standing of how people move, why they move and factors that limit or enhance our
ability to move (Abernethy et al., 2005). It requires an understanding of functional
anatomy, biomechanics, exercise physiology, motor control and exercise psychology.

Table 12.1 Different types of therapy reported in the literature

Muscle or muscle group Combined therapies (includes
exercises/therapy ‘therapy’ + compensatory strategies)

¢ Oral motor exercises e Diet modification and ‘exercises’

* Masako manoeuvre o Thermal stimulation + supraglottic

» Shaker or ‘head lift’ exercises swallow + bolus propulsion exercises

¢ Mendelsohn manoeuvre e Diet modification + ‘exercises’ + counselling
¢ Effortful swallow manoeuvre * Diet modification + oral motor

exercises + swallowing techniques + positioning

Source: adapted in part from Reilly (2004).
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It is outside of the scope of this chapter to apply each of these aspects to swallowing.
However, it is strongly advocated that the direction swallowing rehabilitation should
take is one where speech pathologists work collaboratively with exercise physiolo-
gists or human movement scientists to provide the best outcomes for our patients.
Table 12.1 provides a taste of how our two disciplines can work for the betterment of
individuals with dysphagia.

ACQUIRING MOTOR SKILLS FOR THE FIRST TIME

The field of human movement studies tells us that to become experienced in a motor
skill takes many years (i.e. 10 years) or 10,000 hours or millions of trials of practice
(Abernethy et al., 2005). When watching children learn to walk, we notice their
resilience as they learn the new task. They fall down, they struggle to get back up,
and then repeat this process endlessly until they eventually master the skill. There
are of course a number of factors underpinning the success of the process; sufficient
strength and stability of the body’s structure and frame and the basic ability to pro-
gramme the movement in the first place. But with those things as a given, the child
learns through many repetitions to achieve the task, and learns to apply the skills to
different terrains (grass, concrete, dirt, sand) and to move at different speeds (e.g.
walk vs. run). If we apply this observation regarding walking to how children eat
or drink, it makes sense then that, as the child moves from one texture to another,
there will be a period of ‘lesser performance’. Moving from a smooth, lump-free
texture to a lumpy texture challenges the patterns that the child has acquired. They
effectively start again with this new texture, but with the expertise gained from the
previous texture, and adapt their skills to accommodate the new texture. The child
needs to adjust the way the mandible moves to allow the tongue maximum range of
motion to manipulate the bolus to become a smoother consistency. The ‘feeling’ that
the bolus is sufficiently smooth (i.e. a form that their sensory system recognizes)
is evidence of success and they can then apply the motor pattern for swallowing
to it. The same pattern of new learning starts again with soft solids and then hard
textures. Note always that the child is learning to bring the new texture back to a
form that their sensori-motor system recognizes. With this ‘expert’ skill level comes
the ability to ‘cope’ with subtle variations. As an adult the experience of swallowing
an inadequately masticated hard texture such as a corn crisp results in pharyngeal
pain as we apply the normal motor swallowing pattern for a smooth bolus. The pain
reminds us that this type of bolus needs to be prepared better for swallowing in order
to have a pain-free swallowing experience.

With the ability to master the act of swallowing and become ‘experts’ at it, we
also gain the ability to ‘multi-task’. That is we can carry on a conversation while
having a meal. We can manipulate the food using a knife and fork while chewing a
bolus and then swallowing it. We become so good at the ‘task’ of swallowing that
we can mix textures — take a mouthful of solids and then add liquids and mix the
textures orally. Even more difficult still we can coordinate the process of taking a
mixed texture into the mouth, segment the textures and swallow them separately.
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For example when swallowing a fruit punch with fruit pieces, as ‘experts’ we can
take the fruit and liquid consistency into the mouth, hold the fruit orally and swal-
low the liquid, then move on to masticating and swallowing the fruit. It is ‘expert’
levels of swallowing skill (perhaps in varying gradations) that are lost in individu-
als that have had a stroke, neurological injury or surgery to the swallowing system.
For some, the entire process must be relearned, i.e. they become novices again.
This is particularly difficult though because they have previously been ‘experts’ at
their task. We as clinicians have to work very hard to change the ingrained pattern
of learned behaviour. That pattern of behaviour required a ‘normal’ structural,
muscular and neural response system; some, or all of those factors may be af-
fected, which means that the patterns previously used may not result in the desired
response. The outcome of attempting to apply the learned motor pattern when the
foundations of the system are faulty may result in aspiration, or the inability to take
sufficient food/fluid in because of the effort required to achieve the task. Our role
is huge, difficult, challenging, exciting and frustrating. Individuals must first un-
derstand that just as they once learned to walk, they also learned to swallow — it’s
just that we do this so early in life that we have no adult memory of the process.
It is so fundamental to survival that it is required from the moment we enter the
world. Patients have often commented that they can’t believe they have ‘forgotten’
how to swallow.

PRINCIPLES OF LEARNING A NEW TASK: A HUMAN MOVEMENT
PERSPECTIVE

So if we were to conceptualize learning a new task, what would it look like? Lit-
erature shows us that learners go through at least three distinguishable phases in
progressing from being a novice at the ‘new task’ to being an expert. These are: (a)
the ‘verbal-cognitive’ phase, (b) the associative phase, and (c) the autonomous phase
(Prosiegel et al., 2000; Abernethy et al., 2005).

Stage 1 — the ‘verbal-cognitive’ phase or, shaping the behaviour

Traditionally in the ‘verbal-cognitive’ phase, the movement task to be learned is
completely new. In the adult dysphagia populations, however, this is only partially
true because they have had many years of experience in swallowing. Where it is
applicable, however, is that dysphagic individuals need to alter their learned pro-
gramme of response in order to accommodate the changes in sensation, or motor
strength or coordination. Learning a new swallowing manoeuvre, for example the
Mendelsohn manoeuvre, involves learning a new task (the Mendelsohn manoeuvre
is discussed in detail below). Abernethy et al. (2005) suggest that at this stage the
learner is preoccupied with understanding the requirements of the task — what is it
that needs to be done to successfully perform the skill? The learner needs to put all
of their concentration into issues such as the position of their body and limbs, what
position do they need to be in to get repetitive or ongoing feedback about how they
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are managing the task and most importantly how does the correct movement feel?
They are learning to plan the task.

The role of the speech pathologist in re-educating the ‘expert swallower’ is first
of all an ability to explain to the individual that they are now relearning this task. In-
dividuals with dysphagia and their carers need to understand that they need to be in
the best overall trunk, shoulder girdle, neck, jaw and head position to be maximally
stable and optimized proprioceptively to manage the task. As noted in Chapter 11, if
body position is so poor that the trunk is unstable, the individual will focus more on
the feeling that they are going to fall than the act of swallowing, hence significantly
limiting their ability to concentrate on the new task to be learned. At this stage the
goals are positioning, thinking and planning movement.

What can we do to help? The individual needs excellent verbal instruction in ad-
dition to demonstration and prompt feedback on what is ‘right’, so that they know
when they have achieved the goal of safe swallowing. They need to experience suc-
cess in the task so that they can attempt to replicate the successful actions and pos-
tures over and over again, and once again become experts at the task of swallowing.
We begin now to understand the extreme challenge of this phase for individuals with
brain injury or neurological deficits that undermine their ability to understand verbal
or gestural instruction. There are also issues surrounding insight. Does the person
understand and acknowledge that they are no longer expert at swallowing and need
to relearn this task? Do they have sufficient motivation? Do they have the stamina to
do the ‘practice’ required to make them experts again? What are their arousal and
anxiety levels like?

Abernethy et al. (2005) explain that the initial attempts at the new task are based
on movement patterns extracted from existing skills. So ‘old habits’ become re-
shaped and reworked to become new patterns. Unlike congenital swallowing dis-
orders where babies have not had the ‘experience’ of normal swallowing patterns,
adults with acquired injuries have ‘old swallowing patterns’ that they can use as a
foundation for modification. The astute clinician must highlight the similarities and
also the differences between the ‘old swallowing pattern’ and the ‘new swallowing
pattern’. Let’s look at an example. Assuming that cognition is adequate, and that
insight, motivation and stamina are profound, the clinician decides to teach an in-
dividual the supra-glottic swallow technique. This technique is described in detail
in Chapter 11 and also further below. The supraglottic swallow is in fact a bringing
to consciousness the unconscious swallow-respiratory cycle discussed in Chapter
4. We take food or fluid into the mouth, halt breathing, swallow, then exhale and
recommence tidal breathing. We do this without thinking — we have become experts
at this task. The supraglottic swallow reteaches the individual the task using verbal
instruction and perhaps biofeedback. Re-education of the swallow-respiratory cycle
by way of the supraglottic swallow is discussed in detail later in this chapter. Notice
that this rehabilitation task does not focus on one specific muscle; it focuses on
the whole process of airway protection during swallowing. The task can be broken
down into smaller units and practised in portions before being put together as a
whole task.
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Stage 2 — fine tuning the movement task (swallowing behaviour)

Abernethy et al. (2005) explain that in the next phase of learning the task the per-
formance of the new task is more consistent because the learner has settled on a
particular strategy or approach. The individual eventually settles on the body and
oral posture that through trial and error they have determined to be the ‘one’ to fine
tune, rather than switching from one movement pattern to another. For the clinician
the skill is in identifying when the individual has hit upon that ‘successful swallow
pattern’; the one that just needs fine tuning. So now that the individual has found the
correct pattern, they now need to practise it over and over and over again. And then
they need to adapt it to different conditions where the movement will be performed.
So again with swallowing, the individual may first learn their movement patterns in
the clinician’s office where it is quiet and without distractions. Once they have some
mastery in this environment, it must be generalized to eating in a quiet room with
others, then eating in a noisy room with others etc. There is an endless range of per-
mutations that we could work on (see Table 12.2 for some suggestions).

Table 12.2 Incremental adjustment of factors affecting feeding and swallowing:
suggestions

Environment

¢ Quiet single room (patient + therapist)

* Quiet single with low-volume radio or television background noise

* Quiet single room with low-level background noise (patient + therapist + another
person — patient to concentrate on tasks while therapist and other person have
intermittent conversation)

* Quiet dining room (2-3 individuals share the table with the dysphagic individual)

* Normal dining room situation

» Family gathering

» Café, restaurant, shopping centre

 Party

Bolus type

* Saliva
» Thin liquid (most difficult if delayed pharyngeal swallow or reduced airway closure)®
¢ Alter flavour, temperature, other — eg. carbonation
° Cup size — small cup size (30 ml medicine cup) promotes small sip, gradually
increasing cup size (50ml, 100ml, 150ml, 200 ml, 250 ml) allows gradual
incremental increase in sip size
° Straw (length of straw, diameter of straw, type of liquid ingested using the straw)
» Thick liquid (most difficult if reduced tongue strength, range or coordination of
movement or reduced pharyngeal wall contraction)?
° Degree of thickness (nectar — half or honey thick — full or pudding thick)
° Alter flavour, temperature, other — eg. carbonation
 Texture modified foods
° Vitamised or puree food (most difficult if reduced tongue strength, range or
coordination of movement or reduced tongue base movement or reduced pharyngeal
wall contraction)®
° Degree of texture modification (vitamised or puree — minced — soft — normal
food)
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Table 12.2 (Continued)

° Alter flavour, temperature
° Mixed textures (fluids plus solids) [more challenging]
* Quantity
° Specific number of teaspoonfuls, dessertspoonfuls or sips
° Where supplemented non-orally (e.g. nasogastric tube or gastrostomy) aim for
increasing increments
° Commence with meals where patient is most alert (e.g. breakfast or morning tea)
° Small meals frequently (6 X per day)
» Medication
° Viscous liquid, small tablet, capsule, large tablet
° Multiple medications
°® Carrier fluid for the medications (thick liquids or thin liquids)

Positioning

« Full support for thorax, shoulder girdle, neck and head to provide stability (external)
« Liaise with physiotherapist for external supports
* Seating situation

° Bed, armchair, dining room chair, wheelchair

Dependence for feeding

« Full dependence

° Full supervision and assistance — close supervision — moderate supervision — far
supervision — intermittent supervision — no supervision

Self-feeding

° Maximally assisted self-feeding (liaise with occupational therapist) +/— adaptive
utensils (rocker knife, plate guard, thick handled cutlery, dysphagia cup) —
gradually reducing level of assistance

» Feedback (verbal, visual, acoustic)-gradually reducing

4 Logemann (1995)

By increasing task complexity we continually fine tune the task and allow the
person to develop the skills to cope in a range of situations. Now it may be that ide-
ally they should sit in a quite room by themselves to eat the majority of the meal, but
perhaps the aim should also be that they can participate, even for a small time, in the
more ‘complex/difficult’ situation of a family meal situation. This brings to the fore
the holistic nature of eating and issues surrounding social isolation. The inability
to participate in mealtimes, which are social events, affects an individual’s mental,
physical, social, emotional and financial well-being (Huckabee and Cannito, 1999;
Nguyen et al., 2005). Huckabee and Cannito (1999) directly quote a dysphagic pa-
tient as saying ‘Since I equated eating with living, I thought I was just marking time
until I died’ (p. 104). Social isolation may also contribute to depression which will
have a negative impact on the ability to participate in a rehabilitation programme.
Poor performance in home swallowing therapy activities has been linked to depres-
sion in one case study (Huckabee and Cannito, 1999). This is the time to employ the
techniques and strategies that are specific to the difficulties the person is experienc-
ing, whether they be in the oral phase, pharyngeal phase, both phases and/or protec-
tion of the airway during swallowing.
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Stage 3 — automatism (of swallowing)

Some individuals may regain this ‘instinctive’ level of skill, where the ability to
swallow appears largely automatic again. In this phase the movement appears to
be able to be controlled without the person paying attention to it. Abernethy et al.
(2005) explain that at this level the task is performed so consistently and so precisely
that the need to monitor the action constantly to ensure that it is correctly performed
is significantly reduced. The very rapid sequences of coordinated movements neces-
sary for safe swallowing require efferent commands to be constructed in advance.
Abernethy et al. (2005) call this ‘open-loop’ control. It is different to ‘closed-loop’
control whereby control of movement is based on feedback. Our difficulty then is
initially trying to turn an ‘open-loop’ system, which is what successful swallowing
requires, into a temporarily closed loop system so that we can provide feedback to
improve the speed accuracy and control. This is an extremely difficult task. Add
to this that, for rapid open-loop systems, the time taken to initiate the movement is
directly proportional to the amount of preplanning that needs to take place. While
we can borrow concepts from the field of physiotherapy with re-education of limb
control, this is quite a different task to the rapid responses of the larynx and pharynx
required during swallowing. Clinically, individuals with dysphagia that have a slow
oral phase and perhaps even a slow pharyngeal phase but where control and concen-
tration is high are likely to be safer swallowers than dysphagic individuals who are
impulsive. Impulsive individuals attempt to use the open-loop system without the
control they previously had, and consequently are likely to be more at risk of aspira-
tion. Our goal then may be to teach the individual to slow down, to regain control
and once they have mastered this, then speed it back up again.

Once we have an effective open-loop system, where the motor programme oper-
ates on a pre-structured set of commands, it allows us to build bigger and better
motor programmes. In this way more elements are under the control of a single pro-
gramme. Once might postulate that this is in effect what happens very early in life
with swallowing and respiration. The motor patterns for breathing are clearly laid
down very early. When a baby is born its first task is to inflate the lungs and begin the
process of breathing. Not too long after it also requires sustenance in order to thrive.
Breathing and swallowing use the biological time-share structure of the pharynx for
successful feeding; that is an ability to cease respiration during the swallow and then
resume it afterwards (see Chapter 4 for further details). It could be argued that this
is a very well-developed open-loop system. When insult or injury occurs, the motor
programmes that had previously worked in synchrony have become disjointed. They
may never work again as a high-powered open-loop system, but rather as a number
of smaller open-loop systems. The result, then, is that the ability to multi-task (e.g.
have a conversation while eating) is lost and for some the ability to multi-task may
never be recovered.

Abernethy et al. (2005) explain that once we reach this autonomous stage of
learning it is extremely difficult, if not impossible, to change a movement pattern
where an error in technique has become ingrained. The movement control operates
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below the level of consciousness and consequently it is very difficult to verbalize
how they are performing the skilled movement. Perhaps this is why the rehabilita-
tion of dysphagia is so difficult. To take something that this so subconscious and
make it a conscious task, and provide the verbal and kinaesthetic feedback to make
it a conscious task — at least for long enough for the individual to relearn correct
movement patterns — is a sizeable challenge.

IMPROVING MOTOR LEARNING

There are a number of factors that should be remembered when considering rehabili-
tation. These include the specific skill that you want the patient to acquire; the role
of perception and decision-making; the amount and type of practice and the type of
feedback provided.

Specificity of motor skills

Skill acquisition is highly specific and it is acknowledged that ‘there is usually little
or no transfer of training from one motor skill to another’ (Abernethy et al. 2005,
p- 261). Applying this principle, the function of the tongue in speech does not give the
clinician an accurate idea of tongue function for bolus control or swallowing initia-
tion. Therefore, while it is necessary to break a task down, the very best rehabilitation
for swallowing has to be swallowing. Skills need to be practised under the condition
that is the closest to the demands of the situation in which the skill will eventually be
performed. This brings into question the efficacy of oral motor exercises and all exer-
cises that focus purely on one muscle group. Indeed the evidence base for oral motor
therapy is decidedly lacking and with good reason (Clark, 2003; Reilly, 2004).

Muscles are of course critical to the movements required for successful swal-
lowing and it may be tempting to look at the rehabilitation of individual muscles.
However, we know that the process of swallowing requires the coordination of many
movements and the dynamic function of many muscles. The discussion above relat-
ing to open-loop systems reminds us that the act of swallowing is very fast and for
non-dysphagic individuals it occurs at an automatic or subconscious level. It makes
sense then to think about rehabilitation of movement patterns rather than individual
muscles per se. Basmajian (1982) provides a wonderful visual example of the role
of muscles in movement. He describes muscles as actors on a stage. The actors all
work together to provide a performance. ‘They have their entrances, play their part
and then exit’ (p. 117). But, when one of the muscles becomes paralysed, it upsets
the sequence and affects the ability of the other muscles to perform their roles. He
says that unlike an actor, for the muscles, there are no ‘understudies’, thus the abil-
ity to perform the whole action may be significantly compromised. In swallowing
rehabilitation, if we choose just to focus on one of the ‘actors’, we must also be sure
that we are focusing on the specific part that it plays during the swallowing process.
Remember that many of the muscles we use for swallowing are also used for speech;
however, the roles they play are vastly different.
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Perception and decision-making

It may be tempting to think that poor performance is a result of poor movement
execution. If this were the only fault then ‘practise, practise, practise’ might be the
answer.

However, poor perception or poor decision-making can equally cause errors in
performance. A perceptual error such as incorrect judgement of speed of movement
of the thin liquid in the oral cavity my cause the individual to be unable to control the
liquid; provide insufficient time for the respiratory system to be protected and result
in penetration or aspiration of the bolus. Perception requires an ability to recognize
patterns and anticipate outcomes. In swallowing, we are aware that chewing a steak
bolus for three seconds will not significantly deform its structure and will likely
result in the bolus being too large to swallow safely. We recognize the pattern of
insufficient mastication and the outcome being a potential choking hazard. Some
individuals with dysphagia, perhaps due to altered sensation, lose this ability to rec-
ognize the pattern and anticipate the outcome. In this situation the challenge is to
reteach the individual to interpret how the bolus feels in the oral cavity and use this
information to decide whether it is safe to swallow and the best way to swallow
the bolus. The clinician should be particularly alert for perceptual difficulties in
individuals who have frontal lobe damage, traumatic brain injury, right hemisphere
stroke or dementia.

Apart from poor perception, a decision-making error may also result in aspira-
tion. For example, over-filling the oral cavity with more food before the previous bo-
lus has been swallowed may also result in a choking hazard. In swallowing we have a
small margin for error and so decisions need to be made accurately. The same popu-
lation types that may have difficulty with perception may similarly have difficulty
with decision-making. So we need to be aware that the ability to execute the swallow
pattern may well be normal, and in fact it may be the perceptual or decision-making
skills that require rehabilitation. Particularly for swallowing, decision-making needs
to occur very rapidly, almost unconsciously. Add to this scenario conditions that
slow movement, such as ageing, injury or disease. Here more than ever, the decision-
making and perceptual skills must be at their peak in order to compensate for a delay
in movement initiation.

Practice

We have all been taught that the best way to improve our skills is to practise them,
and this is certainly true; but what is the best way to practise? Research shows us
that there are different types of practice: const