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Swallowing Disorders in Infancy
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Disorders of deglutition are frequently encountered in pediatric patients, especially in
association with neurologic deficits. These swallowing abnormalities may lead to chronic lung
disease and to marked malnutrition, thereby posing difficult and often frustrating problems
of long-term management. This article provides an overview of swallowing disorders in
infancy. More detailed information may be found elsewhere. As will become evident, therapy
of swallowing dysfunction is often complex and symptomatic. Much is yet to be done to
delineate the underlying pathophysiology of pediatric swallowing disorders.

Development of Swallowing

The ability to swallow begins during the second trimester of fetal life. Normal fetal
swallowing may contribute to the complex maternal-fetal regulation of amniotic fluid volume.
For example, mothers who deliver infants with esophageal atresia often have polyhydramnios.

The suck involves labial and buccal constriction as well as initial elevation followed
by posterior thrust of the tongue. In premature infants, the suck, or oral phase of swallowing,
is usually weak and readily subject to fatigue. In healthy term babies, the oral phase is
adequate for sustained extraction of liquid nutrient through a nipple. However, because of
tongue movement, intake of solids is usually difficult, as the nutrients are forced up against
the hard palate and back out through the lips. By 3 to 4 months of age, most infants can
handle solid foods with a modicum of facility. In North American society, solids are
sometimes introduced as early as 2 weeks, although exclusive formula or breast feeding is
usually an adequate source of nutrition during the first 6 to 12 months of life.

After the suck, the bolus of food passes to the posterior tongue and is propelled into
the pharynx. With pharyngeal constriction, the upper esophageal sphincter (UES) relaxes, the
cricoid cartilage moves forward, and the sphincter contracts, forcing the bolus into the
esophagus. This aspect of swallowing usually takes less than one second and is well
developed in term infants.

Normal Neurophysiology of Swallowing

Swallowing may be conveniently divided into three phases: oral (delivery of food into
the mouth), pharyngeal (passage of food through the pharynx with elevation of the soft palate
and closure of the epiglottis), and upper esophageal (relaxation and contraction of the UES).
The neurologic coordination of swallowing is primarily a brain stem function involving
several cranial nerves and a swallowing center located in the reticular substance of both the
medulla oblongata and pons.

The coordination of suck and the oral phase of swallowing is mediated through the
cranial nerves, which supply the facial structures essential for swallowing. Motor supply of
the muscles of facial expression is through the seventh cranial nerve and sensation is through
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the fifth cranial nerve. Sensation in the palate and uvula is mediated through branches of the
ninth cranial nerve. The motor supply of the tensors of the palate is through ninth and tenth
cranial nerves. The twelfth cranial nerve is responsible for supplying motor function to the
tongue, while taste derives from the seventh, ninth, and tenth cranial nerves. Interruption of
either the sensory or motor aspects of oral and early pharyngeal phase innervation will lead
to a poor suck and failure to propel food into the pharynx. Also, the nasal passages will not
be properly sealed off by the soft palate, and nasal regurgitation of food may occur.

The bundles of muscles surrounding the pharynx interlace to form virtually a
continuous sheet, although these muscles can be divided into superior, middle, and inferior
constrictors. The UES consists primarily of the cricopharyngeus muscle. Primarily the vagus,
trigeminal, spinal accessory, and glossopharyngeal nerves are involved in the pharyngeal and
upper esophageal phases of deglutition. Functionally and anatomically, the pharynx has a
rather rich supply of sensory nerves that are connected to the central nervous system by the
glossopharyngeal nerve. Innervation of the UES is predominantly through the vagus nerve,
although there are contributions from the ninth and eleventh cranial nerves. The activity of
the pharyngeal component of swallowing is totally dependent on normal central nervous
system function, as loss of either the brain stem swallowing center or the motor nuclei of the
cranial nerves produces loss of pharyngeal contraction. The UES and upper portions of the
esophageal body are only partially dependent on the central nervous system. The swallowing
center is not essential for the esophageal phase of swallowing.

Classification and Presentation of Swallowing Disorders

In infancy, swallowing disorders may present as isolated feeding difficulties but most
commonly are seen in infants with multiple problems. The most frequent underlying problem
is either neurologic or myopathic. Central nervous system injury, such as intrauterine
infection, vascular accidents in the newborh period, hydrocephalus, congenital porencephaly,
or tumor, may cause swallowing difficulty. Neurologic or myopathic disorders of the mouth,
pharynx, or esophagus may also impair swallowing. A list of such disorders is found in Table
1 and is reviewed by Painter.

Disorders of the Oral Phase

Difficulty with the oral phase usually presents as a "poor suck". primary dysfunction
of the oral phase may be the result of an anatomic abnormality such as cleft lip and palate
or micrognathia. Premature infants have decreased suck strenght and stamina, which may
resolve within a few days.

Secondary problems with sucking are often related to neurologic deficits. Infants with
severe cortical deficiency are usually lethargic and cannot sustain a good suck. There may
also be cranial nerve damage which results in poor tongue function (twelfth nerve) or
decreased buccal strength (seventh nerve). Seventh nerve damage may also present as
unilateral salivary drooling. Finally, neurologic deficits that impair swallowing may be
aggravated or induced by extensive neurosurgical procedures such as tumor removal.
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Table 1. Neurologic and Myopathic Disorders of the Mouth, Pharynx, andEsophagus

Neurologic Disorders Involving the Mouth

Lingual, gingival, glossal, and buccal
mucosae

Ulcerative nodular and inflammatory
lesions

- Ataxia telangiectasia
- Chédiak-Higashi disease
- Behçet's disease
- Herpes simplex
- ECHO virus
- Histoplasmosis
- Blastomycosis
- Actinomycosis
- Vitamin deficiency
- Toxins

Pigmentary and vascular lesions

- Adrenoleukodystrophy
- Sturge-Weber disease
- Hereditary hemorrhagic telangiectasia
- Fabry's disease
- Tangier disease

Neurologic disorders involving the teeth
and gingivae

- Hypothalamic disorders
- Cleidocranial dysostosis
- Incontinentia pigmenti
- Rieger's syndrome
- Williams' syndrome

Neurologic disorders involving the teeth
and gingivae (continued)

- Tuberous sclerosis
- Neurofibromatosis
- Lesch-Nyhan syndrome
- Parathyroid disorders
- Mucopolysaccharide disorders

Neurologic disorders involving the tongue

- Melkersson's syndrome
- Familial dysautonomia

Neurologic disorders involving the palate

- Klippel-Feil syndrome
- Duane's syndrome
- Encephaloceles
- Chromosomal disorders

Neurologic Disorders Involving the
Pharynx and Esophagus

- Infectious mononucleosis
- Brain stem lesions
- Myotonic dystrophy
- Oculopharyngeal dystrophy
- Myasthenia gravis

Neonatal
Juvenile

- Dermatomyositis
- Cricopharyngeal achalasia
- Cerebral palsy.

Disorders of the Pharyngeal Phase

Abnormalities of pharyngeal function typically lead to feeding difficulties characterized
by coughing, gagging, nasopharyngeal regurgitation, failure to gain weight, or respiratory
distress secondary to aspiration. Emesis may accompany the coughing and gagging, requiring
differentiation from primary spontaneous gastroesophageal reflux.

An anatomic abnormality such as cleft palate or weak, inadequate closure of the soft
palate may contribute to pharyngeal phase dysfunction. However, our experience has been that
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feeble pharyngeal function (weak pharyngeal contraction) or incoordination of pharyngeal
closure is more common.

Patients with inadequate or incoordinated pharyngeal contraction will show initial
nonpropulsive pharyngeal activity on barium swallow. The bolus will stop abruptly at the
upper esophagus. However, the x-ray findings may be confused with true cricopharyngeal
achalasia because the UES has relaxed and contracted before the pharynx finally propels a
bolus of barium toward the esophagus. Such pharyngeal-cricopharyngeal (P-CP)
incoordination can be differentiated from true cricopharyngeal achalasia by manometric
studies. In most cases, P-CP incoordination and feeble pharyngeal function are of neurologic
or myopathic origin.

Permanent or transient pharyngeal dysfunction may also be traumatic or iatrogenic.
Specifically, a foreign body may lodge in the hypopharynx resulting in pharyngeal edema
with painful, inadequate pharyngeal contraction. When a foreign body is suspected, airway
and pharyngeal endoscopy is mandatory. We have found that the most dangerous pharyngeal
foreign body is the small battery found in 35 mm cameras. These batteries cause severe
chemical injury within minutes of lodging in the pharynx. Similarly, trauma to the pharynx,
such as ingestion of a caustic substance or falling on a sharp object held in the mouth, may
lead to sterile or purulent swelling of the pharynx with subsequent pharyngeal dysfunction.
Again, endoscopy is often indicated in these patients. Finally, neurosurgical procedures that
involve the brain stem may iatrogenically alter pharyngeal contraction.

Disorders of the Upper Esophageal Phase

Failure of relaxation of the UES and lack of coordination between the pharyngeal and
esophageal phases are the two most common swallowing disorders we see. Patients present
with essentially the same symptoms as those with pharyngeal phase dysfunction and, after
barium swallow, are often lumped under the diagnosis of cricopharyngeal achalasia. Although
some infants appear to have no underlying cause of UES dysfunction, most have neurologic
disorders. Occasionally, the patients have vocal cord paralysis and present with stridor as well
as swallowing difficulty. Both manometric and endoscopic procedures are often necessary,
in addition to x-ray evaluation, to define the nature and extent of apparent UES dysfunction.

Disorders That Simulate Swallowing Disorders

In some of our neurologically impaired patients, disordered esophageal motility with
lack of peristalsis has led to regurgitation during swallowing. This can result in symptoms
typical of pharyngeal or upper esophageal phase dysfunction, yet manometric studies show
normal P-CP coordination with UES relaxation. Also, we have cared for infants who were
initially thought to have swallowing disorders because of coughing and gagging during
feeding; yet x-ray, manometric, and pH monitoring studies revealed only spontaneous
gastroesophageal reflux, and the patients have responded to appropriate therapy. Finally,
vascular anomalies, such as a vascular ring, which partially obstruct the trachea and/or
esophagus, may present as feeding difficulty with or without stridor. Both x-ray and
endoscopic procedures are necessary to identify these abnormalities.
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Evaluation of Swallowing Disorders

When historical and physical (especially neurologic) findings suggest a possible
swallowing disorder, clinical and laboratory evaluation is required to confirm the diagnosis.

Clinical Evaluation

Careful clinical observation is essential in the evaluation of patients with swallowing
disorders. Such observations should be performed initially by the physician. Also, at most
children's medical centres, including Children's Hospital of Pittsburgh, nurse specialists
concentrate on infants with feeding problems. Their clinical impression of the nature of the
feeding difficulty often aids the physician in directing laboratory evaluation. For example,
when the history suggests psychosocial deprivation or rumination as a possible etiology, the
careful attention of the nurse specialist, working with the moth as well as the infant,
frequently reveals no swallowing difficulty at all. Conversely, the nurse specialist can readily
identify poor sucking, nasopharyngeal regurgitation, postprandial emesis, and other conditions,
and call the findings to the physician's attention.

The other aspect of clinical evaluation involves nutrition. Nutritional rehabilitation is
essential to the continuing care of infants with swallowing disorders. It is necessary to assess
the nutritional status of the patient, as the degree of nutritional deficiency may determine the
urgency of surgical intervention (for example, central hyperalimentation or feeding
gastrostomy). Initial assessment involves use of growth grids to estimate growth velocity,
estimation of adipose tissue (skin fold thickness), and blood tests (hemoglobin, albumin,
folate, ferritin). More importantly, continued assessment of nutritional status is required in
hospital as well as after discharge. This should be done in conjunction with personnel
experienced in nutritional management, such as a member of the hospital nutrition division.
Nutritional monitoring should continue throughout infancy, especially after surgical procedures
have been performed to alleviate the swallowing disorder or to permit introduction of
adequate calories.

Radiology

The barium swallow and TV-tape esophagram remain the primary laboratory
diagnostic tools in the evaluation of swallowing dysfunction. The radiologic findings in
swallowing disorders are covered elsewhere in this issue.

Manometry

Manometry is useful in further characterization of swallowing dysfunction following
radiologic evaluation. In particular, it is possible to distinguish between isolated
cricopharyngeal achalasia and P-CP incoordination. Both conditions may appear the same on
barium swallow, including the presence of the so-called cricopharyngeal bar. Manometry can
also quantitate sufficiency of such and pharyngeal contraction. Finally, esophageal function
can be evaluated and manometry plus pH monitoring can help to rule out spontaneous
gastroesophageal reflux.
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At the Children's Hospital of Pittsburgh, we use the Honeywell (5808C) recording
system (Honeywell, Denver, Co) with a probe containing three solid-state pressure measuring
devices set 2.5 cm apart (Konigsberg Instruments, Pasadena, Ca). The solid-state transducers
are of low compliance with rapid response and can be oriented in an anterior-posterior
position. These are important characteristics for the evaluation of UES dynamics.

Infants under 6 months of age usually are not sedated; older infants and children are
sedated with 2 mg per kg each of meperidine and secobarbital. After the probe is passed
through a pacifier into the throat, it is advanced so that the transducers all lie within the
stomach. The probe is then slowly pulled back so that the location and resting pressure of the
lower esophageal sphincter can be determined. Following this, with the three transducers in
the midesophagus, the infant is stimulated to swallow by gentle tugging on the pacifier or
injection of 1 mL of normal saline into the mouth. The presence or absence of esophageal
peristalsis is thereby determined. Finally, the probes are withdrawn so that one sets in the
pharynx, one in the upper esophageal sphincter, and the last in the upper esophagus.
Swallowing activity is usually spontaneous at this point of the examination. With the probe
in this position, the pharyngeal and upper esophageal phases of swallowing are readily
evaluated. After completion of manometric studies, the acid reflux test is used to test for
spontaneous gastroesophageal reflux.

Endoscopy

Direct visualization of the mouth, nasopharynx, oropharynx, esophagus, and upper
airway may be accomplished by endoscopy with flexible or rigid instruments. Such an
inspection gives a view of the structures but no indication of their function. However,
endoscopy may provide more accurate information when trauma or obstruction is a major
consideration. Rigid endoscopy has advantages in terms of depth of field and ease of foreign
body removal. Flexible techniques allow air insufflation to distent a viscus so as to see the
entire luminal surface. Osteophytes and other vertebral anomalies may present a greater
problem for rigid endoscopes than for flexible ones. Infants with airway compromise
sometimes do better with the narrower rigid esophagoscope than with the flexible one (6 mm
versus 9 mm diameter). Esophagoscopy should be performed after manometry, as the
procedure may be traumatic enough to temporarily alter manometric readings of swallowing.

Therapy

Treatment of children with swallowing disorders is directed at eventual amelioration
of the underlying problem and at improvement of the patient's nutritional status. One wants
to avoid the consequence of continued malnutrition in patients who are at a stage of active
development. In the less severe cases, this would mean adaptation of the feeding pattern to
obtain maximal intake and avoid aspiration. Position during and after feeding, volume of each
feeding, consistency of the food, use of high caloric dietary supplements, feeding tubes, and
different shapes and sizes of nipples must be individualized. This requires careful observation
by both the physician and nurse specialist.

For the more severely affected child, either gastrostomy or intravenous
hyperalimentation may be necessary. With gastrostomy, the patient can more easily be
managed at home, although a few institutions have been successful with home
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hyperalimentation in infants. It has been our experience that some patients with isolated
swallowing problems may actually outgrow their dysfunction with time. Thus, gastrostomy
allows the patient sufficient time for "maturation" of swallowing function while permitting
adequate nutrition. This may be illustrated by the case of a 5 month old infant with
cricopharyngeal achalasia that resolved spontaneously at 9 months of age. The infant
originally was hospitalized because of choking, vomiting, and aspiration pneumonia. On x-ray,
barium was aspirated into the lungs although cricopharyngeal achalasia was not appreciated.
Esophageal manometry reveal cricopharyngeal achalasia with inadequate relaxation of the
UES as well as P-CP incoordination. It was elected to delay any surgical procedure on the
cricopharyngeus, and a gastrostomy was performed. Four months later, the patient as slowly
advanced on oral feeding and by 10 months of age was on a normal oral diet. No further
evidence of choking or aspiration pneumonia occurred.

In addition to the use of gastrostomy to provide the patient with adequate nutrition,
cricopharyngeal myotomy has been recommended as a definitive treatment for swallowing
dysfunction. The efficacy of this procedure depends on making the UES patulous. This would
be theoretically beneficial for a patient with normal oral and pharyngeal phases of swallowing
but isolated failure of relaxatin of the cricopharyngeus. It might also aid an individual with
normal oral and upper esophageal phases but feeble pharyngeal function. At this point, there
have been insufficient studies to indicate the value of cricopharyngeal myotomy. In addition,
it is not possible to identify the ideal patient for such a procedure. Finally, the possibility of
the patient outgrowing the problem must always be kept in mind when considering surgery
early in the course of illness.

Summary

It should be evident that more needs to be learned about swallowing disorders in
infants, especially since current modes of therapy are usually nonspecific and sometimes
unsatisfactory. Specifically, there is a need to be able to identify infants who will "outgrow"
their problem versus those in whom a permanent disability exists which requires more
aggressive surgical intervention. Finally, it cannot be overemphasized that nutritional
assessment and management is critical to the care of infants with moderate to severe
swallowing problems.


