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Irh(eiy(;lf{mcal. approach to the child with impaired
erationu(?cnonal swallowing should include consid-
as develo actors important in this age group, such
relationsh'mem of normal oromotor reflexes, the
function ‘F between oral feeding and pulmonary
growth ’ande effect of nonnutritive sucking on
the develo the effeots of impaired swallowing on
Paper wi|| PMent of chronic lung diseasc. 'This
Perspectiy PIovide the reader with a pediatrician’s
Owing-,‘me on the clinical evaluation of the swal-
Weakp Paired child and review the strengths and

esses of Currently available diagnostic tests.
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ofr:l:?g and Development
~ “allowing Apparatus
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pfOxir:;,g Eestation, deglutition first occurs at ap-
curs jp Etlttely 16-17 weeks [1]. Swallowing that oc-
; €ro . . ; " -
Ing NOrma] 5 plays an important role in maintai

Mateq mniotic fluid volume. It has been esti-
proxirnatat the normal fetus at term swallows ap-
AMnjgy; ely 450 ml of amniotic fluid per day (total
that gy id Volume is 850 mi) [2]. Conditions

£, anzrnere With normal in utero swallowing
Quency of cephaly with absent or decreased fre-

SWallowing) may result in the develop-
olyhydramnios,
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Major changes in the size and relative loca?i‘on
of components of the oral and pharyngeal cavities
occur during the postnatal period [3]. Thesc are
discussed in detail elsewhere in this issue. It should
be stressed that developmental changes are clini-
cally relevant since interpretation of pediatric im-
aging studies should take into account age-related
topographical differences.

Maturation of Feeding

In the normal infant, the oral phase of swallowing
is characterized by a pattern known as suckle feed-
ing [4, 5]). Suckle feeding, or suckling, refers'to
motion of the lower jaw and toqgue compressing
the upper jaw and palate. During suckling, the
tongue, lip, and mandible move synchronously to
create negative intraoral pressure that alternat;s
with compression, an action that promotes fluid
delivery from a nipple. Suck_lq feeding is follovsfed
by the development of transitional feeding, which
occurs at 6-36 months. Subsequent})(, mature feed-
ing takes place, characterized by biting and ch;:w-
ing. Maturation of feeding behavior occurs mainly
as a result of central nervous system development,
with motor activity being directed by higher
centers such as the thalamus and cerebral cortex

[5}.

Swallowing Function in the Preterm Infant

An important clinical issue to consider .when_ deal-
ing with the preterm infant 1 the relationship be-
tween deglutition and breathing. Although prema-
ture infants are able to suckle feed at a gestational
age of approximately 34 weeks, successful oral
feeding requires coordination of swall(')vyl‘ng and
breathing. Poor integration Qf these activities may
result in respiratory difficulties such as aspiration.



112 D.N. Tuchman: Evaluation of Dysfunctional Swa]lowﬂ
8o
£ s}
E
g -.
o Fig. 1. TcPo, during continuous and jnter®
§ tent sucking as compared with supine and y
¥ semi-upright control periods. Group A. dot
2 es} line: group B, solid line. Data are meant "
3 SEM, and compared with initial upright €
g PEMISTC A o--® 34-359 WKS GROUPA trol period. *P<0.01; ' P<0.05). Note
£ el [* *—e 36-38 WKS GROUP B TcPo, was significantly lower during sup®;
I EANE as compared with semi-upright control pé o
MEAN = 35EM prior to feeding, and remained lower in gr¢
* P<Ol B after completion of feeding. Reprodud
53 | l't' P<.05 with permission of Shivpuri et al. J Pediol
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oyt . ventilation occurred sccondary to a decreas
ABDOMINAL . bo idal i ¥
et l Y th td_ volume anq respiratory frequency
I { resulted in a decrease in pO, (Fig. 1). iy
Wilson and co-workers evaluated the coofd“!‘
tion of breathing and swallowing in preterm’
N ASAL N a fants [7]. A change in abdominal circumfer®
AIR FLOW o{__m\ f\ v/’\‘ j\ i/ U/ \ ﬁ f recorded by a respiratory bellows strapped a<"
oA \S s the abdomen, was used to identify different pba‘,
of respiration. Nasal airflow was measured f
N 7 a flowmeter and swallows were identified by C?
PHARYNGEAL ‘ i ryngeal pressure mea ing a s
PRESSURE 10 CM H30 ‘ ges in pharyngeal p sured using 4 ”
W filled catheter. These workers found that swa
i o\ occurred during inspiration or expiration an {
! ! sulted in an interruption of airflow that laste
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Fig. 2. Polygraphic tracing of a spontaneous swallow interrupt-
ing inspiration. At a the airway closcs in midinspiration at
swallow onset; b marks the cessation of inspiratory cffort (out-
ward movement of the abdomen) and onset of pharnygeal pres-
sure peak: al ¢, the pharyngeal pressure falls to below peak
inspiratory level and remains low until d; and at e, the airway
opens and expiratory flow commences. Reproduced with per-
mission of Wilsou et al. J Appl Physiol Respir Environ Excrcise
Physiol 50:851-858, 1981

Shivpuri and his co-workers studied the effects of
oral feeding on respiratory response in preterm in-
fants grouped according to gestational age; group
A included infants 34-35.6 weeks of age and group
B, infants 36-38 weeks [6]. These investigators
measured airflow using a nasal pneumotachometer
and monitored blood gas levels with transcutan-
eous electrodes. During feeding by continuous
sucking, minute ventilation decreased in both
groups of infants, although it fell to a greater de-
gree among subjects in group A. The fall in minute

proximately 1s. A polygraphic tracing den
strating the effect of a swallow on the respiral’
cycle is shown in Fig. 2. It was concluded
preterm infants are unable to breath and sw2
simultaneously.

w

Importance of Nonnutritive Sucking

Nonnutritive sucking (NNS), defined as rhy‘hﬂ:
movements on a nonfeeding nipple, may imp* i
weight gain during gavage feeding in preter® f
fants. Bernbaum et al. studied the nutritiond
fects of nonnutritive sucking in a group of
birth-weight infants receiving formula by g‘a‘lﬂ
(bolus feeding by enteral tube) [8]. Infants '“0;
study group received oral stimulation using 2
feeding pacifier during all nasogastric feed‘f;d
Control infants received nasogastric feeding Wil,
out oral stimulation. Although both groups °
fants gained weight, study infants (the NNS grod
gained significantly more weight per week that
control group. It was intercsting that the differ?
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igtz‘ifelg?; g}?m occurred despite equivalqnt energy
Sreater Wt' g groups. The mechamsm(s) for
nowp Oelght gain in the NNS group is not
Mmore ei“ﬁc-n N lhe()ry suggests l}\at NNS results in
Secondar tent nutrient absorption. Thls.may occur
time g g to an effect on gastrointestinal transit
lipase jg O stimulation of lingual lipase. Lingual
from glana; enzyme released during oral feeding
Motes ing S at tlfle !)ase o.f the tongue, which pro-
tion of far? gastric lipolysis and enhancegi absorp-
NNS g Bl An alternative hypothesis is that
Creasing tz (}ecrea?e energy requirements by de-
a Ude; Infant’s activity or restlessness [10, 11].
tweep NNSO etal. examined the relationship be-
the effecy fand pulmonary function by evaluating
Sion ip prot NNS on transcutaneous oxygen ten-
‘ncreaSed:; erm 1ﬂfant§ [1'2]. They found' that pO,
tween 2u‘r Ing NNS in infants of gestational ages
this g and 35 weeks. In a subsequent study,
NN W © group of investigators determined that
freqy 48 associated with an increase in respiratory
that cg and that changes in pulmonary function
tng) appe; during oral feeding (i.e., r}utritlve sugk-
Per g [1; to be unrelated to the action of sucking
dlffering - The mechanisms accountmg'f_or the
Pulmop, ohects of nutritive vs. nonnutritive on
T¥ function remain to be determined.

P‘;'ﬁernts at Risk for the Development
: Onal Swallowing
N clipj
the c;lel\l/cez)” Practice, pediatric patients at risk for
Ude iy :pmem of dysfunctional swallowing in-
Centry nernts and children with disorders of the
taj retay, VOus system such as cerebral palsy, men-
fectiq, oratlon* and brain injury secondary to in-
"nfangg w‘[raUma. Other groups include premature
SWaHowinlth'poor coordination of breathing and
Ora} fog, if » Infants with long-term deprivation of
Problem, &, and children with behavioral feeding
In
Phary;h: severely affected child, poor oral and/or
Intg, 8eal function may lead to decreased energy
thergy mat TeSult in the development of protein-
fects o o AUtrition. Because of its deleterious ef-
DTOtein-en ® Immune system and muscle strength,
Teased o T8y malnutrition js associated with in-
Uongy gscep,“b'“ty to infection [14]. Dysfunc-
S0des as OWIng may also lead to repeated epi-
chronic p‘\:latlon, with subsequent development
Paireq chilg Monary disease. In the severely im-
>, 'epeated pulmonary infections be-
Singly more debilitating in the face of
utritional statys.
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Dysfunctional Swallowing
and Gastroesophageal Reflux

In addition to the problem of dysfunctional swal-
lowing, many neurologically impaired children suf-
fer from an associated dysfunction involving the
gastroesophageal junction, known as gastroesoph-
ageal reflux (GER). This may be defined as dys-
function of the distal esophagus leading to fre-
quent return of stomach contents into the esopha-
gus [15]. In children with central nervous system
disease, the incidence of GER has been reported
to be as high as 75% [16, 17]. The mechanism
accounting for this phenomenon is unknown, al-
though several factors may be involved, including
habitual aerophagia, frequent recumbent position-
ing, diaphragmatic distortion secondary to kypho-
sis and scoliosis, and the effect of brain injury on
function of the lower esophageal sphincter.

The child with impaired swallowing has a
poorly protected airway and, consequently, an epi-
sode of acid reflux may resuit in severe pulmonary
conditions such as bronchospasm, pneumonia, or
apnea. The type of pulmonary response that occurs
following an episode of acid reflux may depend
on the region of the gastrointestinal tract and/or
tracheobronchial tree stimulated by the refluxed
material [18]. It has been demonsirated in animal
and human studies that esophageal acidification
may stimulate acid receptors in the esophageal mu-
cosa and, via a reflex mediated by the vagus nerve,
result in bronchospasm [19, 20). Alternatively, di-
rect tracheal aspiration of acid may result in reac-
tive airway disease (bronchospasm) and/or aspira-
tion pneumonia [18]; acid stimulation of the larynx
may give rise to apnea, especially in infants [21].

Diagnostic Evaluation of the Pediatric Patient
with Dysfunctional Swallowing

Feeding History

The diagnostic approach to the pediatric patient
with dysfunctional swallowing should include a
feeding history. However, obtaining an accurate
feeding history may be complicated by a number
of factors. First, pediatric patients with severe im-
pairment of swallowing frequently include those
with limited cognitive abilities. These patients are
unable to report symptoms associated with oro-
pharyngeal and/or esophageal dysfunction. Under
these circumstances, the feeding history should be
obtained from those persons directly involved in
caring for the child; these may include a feeding
specialist (i.€., occupational therapist) as well as
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the primary caretaker and/or parent. Second, it
has been our experience that severely handicapped
children with dysfunctional swallowing often aspir-
ate without coughing, a phenomenon known as
“silent aspiration.” A similar condition has been
described in adults [22]. Consequently, it may be
difficult to predict accurately which food sub-
stances are swallow-safe based on findings from
a clinical examination or feeding history.

Despite these difficulties, a feeding history
should be obtained. Questions should include the
mcthod of feeding (i.e. usc of spoon and/or cup),
head, neck, and body position during feeding; con-
sistency of food tolerated (i.e., liquids, purees, so-
lids); ability to chew; problems with drooling; his-
tory of gagging, choking, or coughing prior to,
during, or following a swallow; and the amount
of time required to feed. In infants, questions re-
garding the size and type of nipple are important.
Symptoms that suggest the presence of GER in-
clude a history of regurgitation, vomiting, night-
time coughing, vomitus on the pillow in the morn-
ing, or ruminating. Esophagitis secondary to GER
may present with hematemesis, refusal of food, and
unexplained irritability.

A complete nutritional assessment 1S an essen-
tial part of the evaluation of the child with dys-
functional swallowing. Clinical goals should in-
clude the following: (1) determine the patient’s cur-
rent nutritional status (i.e., degree of acute and/or
chronic malnutrition, specific nutrient deficien-
cies); (2) estimate energy and protein requirements
for establishing optimal growth; and (3) outline
a plan for providing the route and type of fceding:
enteral feeding using a nasogastric or gastrostomy
tube, use of oral supplements, or specialized for-
mulas. Consultation with a registered dietitian
trained in pediatric nutrition will greatly assist the
practitioner in planning a comprehensive nutri-
tional program for these patients.

Physical Examination

Physical examination of the child with dysfunc-
tional swallowing should include examination of
oral and pharyngeal reflexes, with particular em-
phasis on developmental reflexes. This topic has
been reviewed in detail by Morris [23]. The oral
cavity should be inspected for evidence of structur-
al abnormalities. If structural abnormalities are
found and/or are suspected in the pharynx, consul-
tation with an otolaryngologist may be indicated.
Presence or absence of a gag reflex should be not-
ed, including the existence of a ““hyperactive™ gag
reflex. Lack of a gag reflex is a contraindication
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to oral feeding, while a hyperactive gag results i
significant feeding difficulties.

Feeding Trial

An essential portion of the physical examinati®®
is the observation of a feeding trial. The diagnosn,
yicld of this part of the examination will be greaF)
increased if it is performed in collaboration wit
a speech-language pathologist or occupatio®
therapist trained in the evaluation of swallow®
disorders. Caretakers should be encouraged
bring feeding instruments and foods from hot™,
for use during the feeding trial. ““Provocati’
foods should be fed to the patient so that swallo¥
ing-related symptoms reported by the primé?
carctaker may be observed by trained pcrsoﬂﬂe:
During feeding the following should be noted: po'
sition of the head, neck, and body during swallo¥
ing; abnormal feeding behaviours such as tong®
thrust or aversion of the mouth; and symptomb
of choking, gagging, or ruminating.

Diagnostic Tests of Swallowing Function

Following the initial evaluation of the swallowitf
impaired child as outlined above, additional i/,
mation is often required to manage these com?,
cated patients. Specialized tests of deglutition ¥
allow one to derive broad definitions of swallo“"’ﬂ%
abnormalities. Unfortunately, these examinati®,
are mainly descriptive and provide the clini¢”,
with limited data on specific pathophysiolog1€
mechanisms.

Videofluoroscopy. At the present time, vidcoﬂuf’rg
oscopy is the procedure of choice for evalu31“'f
the pediatric patient with impaired swallowing
is a widely available test and provides the
means for determining oral, pharyngeal, ?,
esophageal anatomy. This technique docum®,
the presence of aspiration and provides objec?”
evidence of oral and pharyngeal incoordinat“’.‘,
In addition, we use videofluoroscopy to iden’;
children in whom oral feeding may be contral®s
cated (especially patients with “silent aspiratioﬂd
and to determine which bolus characteristi®
food are swallow-safe (i.e., size, consistency) ,
deofluoroscopy does not, however, provide qua?
tative data on the function of oral and pharﬂyg
structures involved in deglutition.

i
3
9

3
Pharyngeal Manometry. Manometry remains :7];‘
best method for evaluating pharyngeal and €5%
ageal motor function, including pharyngcal‘ pi;
istalsis, response of the upper esophageal Sphmcsig
(UES) to swallowing, and esophageal perista’
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L‘:;illlmina] pressures in the oropharynx can be
c onnured using either \yater-perfusc_:d catheters
intr fCtesi to a low-compliance perfusion pump or
aluminal strain gauges [24]. _
o in ch{ldren, manometry has been mainly uspd
gast?gestlgate csophageal function in those with
or d.esophageal reflux and other esophageal mo-
as 18orders [25]. More recently, this technique
dis orgen used to evaluate upper pharyngeal motor
relax Crs. Stalqno et al. df;monstrated incomplete
gcal ation and.mcoordmatlon of the upper esppha-
WithSP-thter In response to swallow!ng in children
disorders of deglutition complicated by pul-
pe(;fl:ry aspiration [26]. Sondheimer examined up-
futlct.sop}}ag?al sphincter and pharyngeal motor
% ‘Son in infants with gastroesophageal reflux
e he found no difference in resting UES pres-
®S and pharyngeal motor function in patients
Mpared to normal controls.
OAS discussed by Dodds et al., recording the Te-
eglnse. of the pharyngoesophageal region during
28 Ulition is complicated by a number of factors
rei viotor events in the hypophe}rynx occur at
mllstpild rate and therefore recording equipment
Quire ave the ability to respor}d rapidly. This re-
traj S the use of expensive equipment operated by
‘ed personnel. Second, the pressure profile of
Withlg?per esophageal sphincter is asymmetrica},
_Mgher pressures noted in the anterior-posteri-
Irection. Close attention must be given to the
recOlal. orientation of the recording device while
th rr‘.i'"g in the UES. Third, during deglutition
Cathe Is significant axial movement of the recording
Tesu]it(?r and oropharyngeal structures. This may
i“Vesrm a significant recording artifact. Recently,
~th 18ators have used a sleeve recording device
ter : Dent sieeve - to minimize the effects of cathe-
etrnd sphincter movement [29]. Finally, mano-
N3] ey does not provide information on m}ra}ump
on vents, such as the movement of fluid in re-
te rSe. to recorded pressure changes. Simultaneous
"‘etricmg of videofluoroscopic images and mano-
late tracings has allowed investigators to corre-
Motor events with the intraluminal movement
Stances [30]. The use of this technique has
n reported in children. At the present time,
Metry is not a routine part of our clinical
Ation of the swallowing-impaired child, but
erved for instances in which a specific esopha-
Motor disorder is suspected.
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Subgroup of infants and children with neu-
Impairment and dysfunctional swallowing
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also experience gastroesophageal reflux (GER). A
clinical diagnosis of reflux may be made in the
patient with regurgitation, vomiting, and rumina-
tion, once other causes of vomiting have been ex-
cluded (i.e., anatomical, infectious, central nervous
system, metabolic). In the absence of regurgitation
and vomiting, GER should be suspected in the pa-
tient with chronic, unexplained night-time cough-
ing, refusal of food, irritability, and a history of
gastrointestinal blood loss (cither gross or micro-
scopic). Gastrointestinal bleeding suggests the
presence of reflux esophagitis.

The presence and severity of GER may be de-
termined by overnight pH monitoring of the distal
esophagus. This test is indicated if (1) documenta-
tion of significant GER is required, for example,
prior to a surgical antireflux procedure or (2) there
is a clinical suspicion of reflux-related pulmonary
disease and correlation between a reflux episode
and a significant pulmonary event, such as apnea
or bronchospasm, is sought. Disadvantages of this
technique are that it is an invasive procedure, al-
though minimally, and an overnight hospital stay
is usually required. Reflux esophagitis may be
diagnosed by upper endoscopy and biopsy.

Ultrasonography

Ultrasonography represents a new diagnostic mo-
dality for the evaluation of the swallowing-im-
paired individual [31]. This is a noninvasive test
that allows visualization of the motion of struc-
tures in the oral cavity, such as the tongue and
floor of the mouth, during feeding and deglutition.
To obtain an image, a transducer is placed in the
submental region and the beam is aimed toward
the tongue. Weber et al. have used this technique
to identify feeding movements of oral structures
in healthy breast-fed and bottle-fed infants [32].
Major disadvantages of ultrasound include (1)
poor visualization of the oropharynx secondary to
an acoustic shadow cast by bony structures in the
neck and (2) lack of standardized measurements.
Currently, ultrasonography should be considered
a research technique in the evaluation of the child
with dysfunctional swallowing.

Summary

Successful evaluation of the pediatric patient with
dysfunctional swallowing requires an awareness of
developmental and nutritional age-related issues.
Diagnostic work-up should include a complete his-
tory and physical examination, observational feed-
ing trial, nutritional assessment, and videofluoros-



116

copic swallowing study. To assist with the diagnos-
tic evaluation, the pediatrician should enlist the
aid of a speech-language pathologist, occupational
therapist, and pediatric dietitian with experience
in this field. An interdisciplinary approach to the
swallowing-impaired child is essential for provid-
ing optimal care for these often difficult to manage
patients.
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