Physology of Swallowing

Objectives:

· Understand physiology of swallowing

· Learn about types of dysphagia
· Note important points in history taking/physical examination in patient with dysphagia

· Classification of dysphagia

· Principles of ordering investigations in patient with dysphagia

· Key points in management

Deglutition is the act of swallowing, through which a food or liquid bolus is transported from the mouth through the pharynx and esophagus into the stomach.

Normal deglutition is a smooth coordinated process that involves a complex series of voluntary and involuntary neuromuscular contractions and typically is divided into distinct phases: 

(1) oral, (2) pharyngeal, (3) esophageal. 

Each stage facilitates a specific function, and, if stages are impaired by pathologic condition, specific symptoms may result

Total swallow time from oral cavity to stomach is no more than 20 seconds

Oral phase: This phase requires intact dentition and is negatively affected by poor salivary gland function (lubrication), surgical defects, and neurologic disorders.

The oral preparatory phase refers to processing of the bolus to render it swallowable, and the oral propulsive phase refers to the propelling of food from the oral cavity into the oropharynx. 
The process begins with contractions of the tongue and striated muscles of mastication. In the oral phase, a formed bolus is positioned in the middle of the tongue.  The bolus is then pressed firmly against the tonsillar pillars, triggering the pharyngeal phase.  
The cerebellum controls output for the motor nuclei of cranial nerves V (trigeminal), VII (facial), and XII (hypoglossal). 

The oral phase is affected by surgical defects resulting in weakness of the tongue or neurologic disability.  These deficits can lead to leakage of oral contents before or after the swallow, resulting in leakage into the airway.

Common symptoms of Oral Phase:

1. Drooling

2. Oral retention

3. Difficulty in Chewing or inadequately     chewed food, 

4. Stranded phlegm,

5. Pocketing/ squirreling, food sticking

The pharyngeal phase of swallowing is the shortest but is the most complex.  

In this phase the soft palate elevates closing off the nasopharynx and preventing N-pharyngeal regurgitation.  

The superior constrictor muscle contracts, beginning pharyngeal peristalsis while the tongue base drives the bolus posteriorly.  

Respiration ceases during expiration-the larynx elevates and the epiglottis retroflexes, driving the bolus around the opening of the larynx.  The arytenoids adduct and are approximated to the base of the epiglottis. 

Bolus propulsion is enhanced by passive and active dilatation of the upper esophageal sphincter (of which the cricopharyngeus is a part). The cricopharyngeal and inferior constrictor muscles then relax, allowing food to pass into the upper esophagus.

The upper esophageal sphincter relaxes during the pharyngeal phase of swallowing and is pulled open by the forward movement of the hyoid bone and larynx. This sphincter closes after passage of the food, and the pharyngeal structures then return to reference position. 

The pharyngeal phase of swallowing is involuntary and totally reflexive, so no pharyngeal activity occurs until the swallow reflex is triggered. This swallowing reflex lasts approximately 1 second and involves the motor and sensory tracts from cranial nerves IX (glossopharyngeal) and X (vagus). 

The symptoms pharyngeal disorder may include:

1. Foamy phlegm, nasal regurgitation, 

2. coughing while eating/ drinking,

3. coughing before/ after swallow,

4. Wet/hoarse/breathy voice, weak cough, inappropriate breathing, 

5. swallowing in-coordination, 

6. Aspiration, and food ‘sticking’

The pharyngeal phase is followed by the esophageal phase in which the bolus is propelled about 25 cm from the cricopharyngeus through the thoracic esophagus via peristaltic contractions. 

The lower esophageal sphincter relaxes and the bolus moves into the gastric cardia.

Here the symptoms may include
food sticking, pain, regurgitation, hiccups, more difficulty with solids 

The swallow reflex is a complex neurologic event involving participation of high cortical centers, brain stem centers such as the tract of the nucleus solitarius and nucleus ambiguous, and cranial nerves V, VII, IX, X, and XII.  Neurologic deficits in any of these areas can result in dysphagia.

Dysphagia (from the Greek dys, meaning with difficulty, and phagia, meaning to eat) arises when transport of liquid or a bolus of food along the pharyngoesophageal conduit is impaired by mechanical obstruction or neuromuscular failure that disrupts peristalsis. 

Patients with dysphagia often complain of difficulty in initiating a swallow or the sensation of food sticking or stopping in transit to the stomach. The cause is almost always organic rather than functional.

It is important to differentiate oropharyngeal ("transfer") dysphagia from esophageal dysphagia
	Oropharyngeal
	Oesophageal

	Trouble getting liquids or solids to the back of the throat or that food sticks in the back of the throat
	Patients with esophageal dysphagia most often describe a feeling of food sticking at the sternal notch or in the substernal region

	Coughing, nasal regurgitation, or choking immediately after swallowing suggests oropharyngeal dysphagia. 

Greater difficulty swallowing liquids than solids
	Observe the patient swallow in an attempt to determine the timing of the symptom; with OD, the sensation of dysphagia onsets several seconds after swallowing begins.



	Specific diseases cerebrovascular disease, hypothyroidism, myasthenia gravis, muscular dystrophy, Parkinson's disease, and polymyositis. 


	Neuromuscular disorders (eg, achalasia, diffuse esophageal spasm), many nonspecific motility abnormalities, and intrinsic or extrinsic obstructive lesions that may be benign or malignant. 




The history can also be used to help differentiate structural from functional (i.e., motility disorders) causes of dysphagia. 

Dysphagia that is episodic and occurs with both liquids and solids from the outset (Equal dysphagia) suggests a motor disorder, whereas when the dysphagia is initially for solids, and then progresses with time to semisolids and liquids, one should suspect a structural cause (e.g., stricture). 

If such a progression is rapid and associated with significant weight loss, a malignant stricture is suspected.

Symptom onset and progression

Sudden onset of symptoms may result from a stroke (OPD) or food impaction (OD). 

Intermittent non progressive or slowly progressive dysphagia suggests a benign cause, such as a motility disorder or a stable peptic esophageal stricture. 

A history of prolonged heartburn may suggest peptic esophageal stricture, neoplasm, or esophageal ring. 

Exacerbating and relieving factors
Greater difficulty swallowing liquids than solids is usually found in patients who have OPD

Dysphagia that progresses from solid to semisolid food or liquid in a brief period of time suggests esophageal stricture related to tumor. (Solid-food dysphagia consistently develops at a luminal diameter of <13 mm.) 

Another characteristic of esophageal motility disorders, particularly esophageal spasm, is precipitation or worsening of dysphagia with consumption of very cold liquids or ice cream. 

Therefore inquire about eating habits to identify the source of dysphagia in patients who have learned methods to avoid symptoms. For example, patients with esophageal dysphagia may maintain good nutritional status by consuming nourishment as liquids or soft foods, chewing foods for prolonged periods, or drinking large amounts of water with meals to wash boluses down the esophagus. 

Physical examination: 

General factors such as body habitus, drooling, and mental status should be noted.

Voice quality (e.g. a wet sounding voice suggesting pooling of secretions), Wheezing or labored breathing, and any cranial nerve weakness should be noted.
Gurgling noise in the neck or crepitus in the neck may indicate the presence of Zenker’s diverticulum.  

Inspection or palpation of the tongue and tongue strength may unmask fibrillation or fasciculation of one or both sides.

The oropharynx should be inspected for palatal elevation and posterior pharyngeal motion on phonation.  

Lateral movement of the mucosa of the posterior pharynx indicates weakness on the opposite side. 

Nasopharyngoscopy and hypopharyngoscopy can check for symmetry of the pharyngeal constrictors. 

Laryngeal examination is important but can be made difficult by the presence of pooled secretions.  However, the nature of secretions gives clues to the nature of the disorder.  Thick mucoid secretions are from standing accumulation such as paralysis or adynamic motor dysfunction.  Foamy secretions in the piriform sinus or laryngeal vestibule indicate turbulence secondary to anatomic obstruction such as a nonrelaxing cricopharyngeal muscle or stricture. 

Vocal fold movement during variable pitch phonation, whispering, loud voicing, and during inspiration should be observed.

Arytenoids should be inspected for immobility.  The interarytenoid mucosa is erythematous and edematous in gastroesophageal reflux disease.

Causes of dysphagia

Swallowing disorders that produce oropharyngeal dysphagia are most often caused by cerebrovascular accidents. Other causes include local oropharyngeal structural lesions, systemic and local muscular diseases, and diverse neurologic disorders.

Esophageal dysphagia may result from neuromuscular disorders (eg, achalasia, diffuse esophageal spasm), many nonspecific motility abnormalities, and intrinsic or extrinsic obstructive lesions that may be benign or malignant. 

Investigations for Dysphagia:

	Plain Films
	Inflammatory (epiglottitis, RPhryngeal abscess), radio-opaque foreign bodies.

	Barium Esophagram
	Indicated in patients in whom structural disorders are suspected (e.g. dysphagia to solid foods)

	Manometry
	Rarely used except in cases where elevated intraluminal pressures must be followed (e.g. achalasia).

	Bolus Scintigraphy
	Indicated to follow improvement in a patient with h/O aspiration or to follow esophageal emptying in achalasia.

	Videofluoroscopic examination or modified barium swallow
	"Gold standard",integrity of the oral and pharyngeal stages of the swallowing process.


Endoscopy: In a patient with a clear history of esophageal dysphagia, the initial diagnostic study of choice is either upper endoscopy or esophagography. If information from history taking and physical examination suggests the presence of an obstructing esophageal lesion, esophageal neoplasm, or gastroesophageal reflux disease, endoscopic evaluation should be selected.
