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Abstract. Children with CHARGE syndrome com-
monly experience feeding and swallowing problems.
Difficulties may be associated with congenital struc-
tural anomalies, motor impairment, and/or oral
sensory impairment. For many children with
CHARGE syndrome, the introduction of functional
oral feeding is delayed and there are often long-term
feeding complications. Oral aversion or defensiveness
is a frequent serious issue; however, it is uncertain
whether this is a primary sensory disorder or sec-
ondary to delayed and/or negative oral sensory and
feeding experiences. This article examines in detail the
early oral sensory and feeding experiences of five
children with CHARGE syndrome, through a review
of medical records and caregiver questionnaires.
Findings indicate variable early oral sensory experi-
ences in this group of children, with all of the children
having some difficulty or delay in the development of
oral feeding and swallowing. The nature of these
difficulties and the potential contributory factors are
discussed.
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CHARGE syndrome is a diagnosis given to a non-
random pattern of congenital anomalies [1,2]. The
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diagnosis is based on the presence of four major
features, or three major and three minor features [3].
Major features include coloboma, choanal atresia,
cranial nerve dysfunction, and characteristic ear
anomalies, while minor features include cardiovas-
cular malformations, growth deficiency, genital
hypoplasia, orofacial clefting, tracheoesophageal fis-
tula, developmental delay, and distinctive face. The
reported incidence of CHARGE syndrome in Can-
ada ranges from 1/8500 in the Atlantic Provinces to a
national average of 3.5/100,000 live births [4]. This
latter number is likely an underestimate due to the
difficulty in properly diagnosing and reporting the
condition nationally [5].

Feeding and swallowing disorders are highly
prevalent in the CHARGE population [3,6]. For
many children with CHARGE syndrome, feeding
problems are identified in the neonatal period and
may persist into and beyond preadolescence [7].
Prolonged gavage or gastrostomy tube feeding is
common [6], and children with CHARGE syndrome
require aggressive medical management and may
need a fundoplication procedure due to chronic gas-
troesophageal reflux [3,8]. It has been reported that
most of these children require involvement of a
multidisciplinary feeding team to address medical,
developmental, and behavioral feeding issues [3].

Feeding difficulties may be associated with
cardiovascular malformations, with structural
anomalies in the oral or nasal cavity, larynx, and/or
pharynx, and with cranial nerve dysfunction. In
general, the presence of congenital cardiovascular
malformations may impede the successful intro-
duction of oral feeding in infants [9,10], but it may
be only one of many contributory factors in
CHARGE syndrome. A common feature of
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CHARGE syndrome is unilateral or bilateral cho-
anal atresia or stenosis [11,12], which may affect
respiration during feeding and may coincide with
reduced olfaction [13]. Feeding and swallowing may
also be affected by the presence of a cleft palate,
laryngeal malformations (laryngomalacia, laryngeal
clefts, and short aryepiglottic folds), and/or esoph-
ageal deformities (esophageal atresia, tracheo-
esophageal fistula) [12,14].

Cranial nerve (CN) involvement in CHARGE
syndrome is frequent; with CN V, VII, VIII, IX, and
X most typically affected to varying degrees within
the population [15]. CN II anomalies are also com-
mon [15], while CN I anomalies are probably un-
derreported as an “‘occasional finding” [3]. Motor
and sensory impairments are common sequelae of
CN involvement with CHARGE syndrome and may
explain many of the feeding difficulties experienced
by these children. The cranial nerves that most sig-
nificantly affect feeding in this population include CN
V, VII, IX, and X [16]. All are involved in the pha-
ryngeal phase of swallowing, while CN V, VII, and
IX are involved in the oral phase of swallowing. CN
X plays a predominant role in the esophageal phase
of swallowing. Impairment of the trigeminal nerve
(CN V) has been underreported [15] and may result in
reduced sensory awareness in the mouth, palate, and
throat and/or in impaired coordination of jaw, ton-
gue, and palate movements involved in chewing and
swallowing. This may contribute to nasal regurgita-
tion, gagging, and/or choking. Impairment of the
facial nerve (CN VII) may be associated with reduced
or altered sensation of touch (lips) and taste and with
impaired function of facial, pharyngeal, and lar-
yngeal muscles [17], resulting in risk of gagging,
choking, and/or aspiration. Furthermore, because the
facial nerve controls the opening of the upper
esophageal sphincter [17], CN VII involvement may
include impaired esophageal motility. Disruption of
glossopharyngeal nerve (CN 1X) function may result
in altered sensation and taste in the mouth and in
poor coordination of velopharyngeal and laryngeal
muscles during swallowing [17]. This may lead to
nasal regurgitation and increased risk of aspiration.
Problems resulting from vagus nerve (CN X) dys-
function may include altered sensory input to the
pharynx, larynx, and base of tongue, as well as im-
paired motor control of the palate, pharynx, larynx,
and esophagus [17,18]. Consequences include risk of
nasal regurgitation, aspiration, and/or gastroesoph-
ageal reflux [12]. Cranial nerve I (olfactory) involve-
ment may result in anosmia or reduced sense of smell
[3,5] which may have a role in the development of
appetite, mediated through hunger [19].

Swallowing is thought to depend on a “‘cen-
tral patterned program that is modulated or rein-
forced by feedback from sensory input” [17].
Particularly with respect to the oral phase of swal-
lowing, there appears to be a gradual transition from
primitive/reflexive patterns to more complex volun-
tary patterns [16]. Infant reflexes, which are typically
present at birth and facilitate early development of
feeding and swallowing, maybe absent or impaired in
CHARGE syndrome due to cranial nerve damage.
Those most likely to be affected include the gag (CN
IX, X), phasic bite (CN V), and rooting (CN V, VII)
reflexes [17]. Oral sensorimotor development in
children with CHARGE syndrome may be impeded
as a consequence of sensory or motor impairments,
medical intervention, and/or limited or negative
feeding experiences. Sensory defensiveness may result
from difficulty integrating oral sensory information
from different channels [20]. This could result in
limited tactile oral exploration, which is felt to in-
crease tolerance for a variety of oral sensations and
facilitate successful introduction and progression of
oral feeding [18]. Many children with CHARGE
syndrome demonstrate oral tactile sensitivity and it
has been reported that more than 90% have difficulty
swallowing textured foods [3]. Gastroesophageal re-
flux, frequently a long-term issue for children with
CHARGE syndrome [3], may likely contribute to
both oral and tactile hypersensitivity and persistent
food refusal [21,22]. The early feeding difficulties
experienced by many children with CHARGE syn-
drome often result in medical intervention such as
frequent or prolonged orogastric or nasogastric tube
feeding. These interventions may disrupt or prevent
the development of oral feeding by exacerbating oral
hypersensitivity and oral defensiveness, resulting in
food aversion [23,24]. In addition, negative ¢ feeding
experiences associated with previous incidents of
gagging, choking, coughing, and/or aspiration may
lead to food selectivity or refusal [25,26]. Parents of
children with significant feeding difficulties may give
up attempts to feed their child or may delay intro-
duction of soft or solid foods. Although controver-
sial, there is thought to be a critical period for
introduction of solid foods, when the child is devel-
opmentally ready to chew [27]. Infants who are
introduced to lumpy solids after 10 months of age
may be more likely to develop feeding difficulties
[28].

While the numerous feeding challenges in the
CHARGE population are recognized, the early oral
sensory experiences and development of feeding skills
have not been well documented. This article describes
a detailed investigation of the oral sensory and
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feeding history of a small group of children with
CHARGE syndrome and attempts to examine the
relationship between these two issues.

Participants and Methods

Six children 3-10 years of age with CHARGE syndrome were
identified through hospital records at the Izaak Walton Killam
(IWK) Health Centre in Halifax, Nova Scotia, a tertiary care
pediatric center for all of the Maritime Provinces of Canada. All
children were diagnosed by a geneticist and had negative fluores-
cence in situ hybridization (FISH) test results for 22q11 deletion. A
questionnaire designed to assess the oral sensory and feeding his-
tories was developed and sent to their caregivers. Questions related
to oral sensory experiences included sucking on a thumb/finger or
pacifier, mouthing of objects, and acceptance of various forms of
facial or oral stimulation. Information was also obtained regarding
the history of oral and/or nonoral feedings (e.g., duration of bottle
feeding and/or tube feeds, age of introduction of cup drinking and
spoon feeding, and acceptance of a variety of food textures). This
study was approved by the Ethics Review Board of the IWK
Health Centre.

Five of six questionnaires were returned. Following receipt
of the completed questionnaires, the medical records of the par-
ticipating children were reviewed to provide additional medical
information and to verify or elaborate on the information that had
been provided. Caregivers were subsequently contacted if it was
necessary to clarify any conflicting information. From this collec-
tive information, a detailed description of the oral sensory and
feeding histories of these children was developed.

Results

Medical information provided by the parents was
generally consistent with that provided in health re-
cords; however, the health records provided greater
details of clinical and instrumental feeding assess-
ments that were conducted at the tertiary care center.
The questionnaires completed by caregivers provided
details of feeding history/experiences that were home-
or community-based and were not recorded in the
tertiary hospital records. One parent was contacted to
elaborate on information that was not clearly
understood from the questionnaire. Collective docu-
mentation of each child’s history follows.

Child A

Child A, a 4-year-old female, was diagnosed with
CHARGE syndrome at birth based on the presence
of the following major and minor criteria: bilateral
posterior choanal atresia, bilateral coloboma of the
retina, cranial nerve anomalies (including right facial

nerve palsy), characteristic ear anomalies (including
bilateral hearing loss), and heart defects. Her medical
records indicated documented evidence of aspiration,
pneumonia, and gastroesophageal reflux. Since birth,
she had been hospitalized approximately 20 times and
had undergone 12 surgeries.

Child A was never successfully breast or bottle
fed. Due to choanal atresia and clinical observation
of poorly coordinated sucking and swallowing,
orogastric tube feeds (5—6 bolus feeds per day) were
introduced shortly after birth and then changed to
nasogastric tube feeds, which continued for six
months. As a consequence of persistent gastro-
esophageal reflux (noted in the medical records), a
Nissen fundoplication was performed and a gastros-
tomy tube (G tube) was inserted at approximately 6
months of age. Continuous G-tube feeds were grad-
ually transitioned to 3 bolus feeds per day, each di-
vided into two sets delivered over approximately 3
minutes, with 1 hour between sets. The parent-re-
ported difficulties during tube feedings included
retching, gagging, irritability, and vomiting. These
were addressed through formula adjustments, posi-
tioning, adjusting the length of time between bolus
feeds, and surgical intervention.

At 1 year of age spoon feeding was intro-
duced; however, difficulties with both pureed and
mashed/lumpy foods were reported by the caregiver.
These difficulties included coughing, gagging, chok-
ing, food refusal, and expulsion of food from her
mouth. The only food that she consistently took from
a spoon was ice cream. At 4 years of age she began to
take small sips from a cup. Coughing, choking, and
nasal regurgitation with liquids were reported. She
had never tried chewable/solid food. A modified
barium swallow study completed at 15 months of age
identified laryngeal penetration, but there was no
evidence of actual aspiration. A repeat study com-
pleted at 20 months revealed significant gastro-
esophageal reflux, but again there was no evidence of
aspiration. At the time of questionnaire completion,
Child A continued to be fed via G tube (each meal
separated into 2 boluses to reduce reflux), with pro-
vision of oral stimulation and tastes of substances
and textures.

According to the parent, this child did not
appear to demonstrate significant aversion to oral or
facial tactile stimulation. Suggestions regarding sen-
sory input had been provided by a local feeding team
and these were carried out by the caregivers, com-
mencing at about 2 years of age. The child’s oral
sensory history included regularly placing her fingers/
thumb and sometimes putting objects in her mouth
from an early age. She had regularly allowed others
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to touch her face and enjoyed having her teeth bru-
shed.

Child B

Child B, a male who was 4 years 8 months at the time
of this study, was born prematurely at 30 weeks with
respiratory distress requiring intubation for the first 3
weeks of life. His initial medical diagnosis of
CHARGE syndrome was based on bilateral colob-
oma, moderate sensorineural hearing impairment,
cranial nerve anomalies including right facial palsy, a
facial appearance characteristic of CHARGE syn-
drome, cardiovascular malformations, genital hypo-
plasia, and renal anomalies. His medical history also
included stridor, aspiration, pneumonia, and gastro-
esophageal reflux. He had frequently been hospital-
ized and had undergone 19 surgeries.

For the first 2 months of life, Child B received
intravenous parenteral nutrition, after which bottle
feeds were attempted. Due to limited success with
bottle feeding, this was supplemented with oral ga-
vage tube feeding until a modified barium swallow at
3 months of age identified nasal regurgitation and
gastroesophageal reflux, as well as tracheal aspira-
tion. At that time, a nasogastric tube was inserted as
Child B had become aversive to having tubes passed
for intermittent oral gavage feeds. From 4 to 7
months of age he continued to receive small amounts
of formula by bottle feeds, with supplementation
through the tube, until a modified barium swallow
suggested that oral feeding was not safe due to ob-
served aspiration and significant reflux. Nasojejunal
(NJ) tube feedings were initiated at 7 months and
continued until approximately 8 months of age when
a Nissen fundoplication was performed and G and J
tubes were inserted. Continuous J-tube feeds were
subsequently given until 16 months of age, when he
was switched from 12-hour continuous J-tube to G-
tube feedings. However, two weeks later he developed
aspiration pneumonia and was then switched from a
12-hour to a 24-hour feeding schedule. During the
next two years, Child B gradually transitioned from
continuous feeds to primarily bolus feeds via G tube;
however, periodically experienced gastroesophageal
reflux with coughing, vomiting, gagging, and retching
noted by the parent.

A videofluoroscopic swallow study performed
at 3 years 8 months of age indicated functional
swallowing abilities, with no evidence of aspiration.
However, during clinical feeding assessment, he dis-
played severe oral-aversive behaviors, particularly
related to food intake. While he would play with
food, he would not put it in his mouth, lick, or taste

it. When others would attempt to give him food, he
would clamp his mouth shut or block the approach of
a finger or spoon to his mouth. The psychologist on
the feeding team prescribed a stringent behavioral
program to facilitate his acceptance of food/liquid
orally, which was subsequently implemented by his
caregivers in conjunction with support from a local
team of professionals. This resulted in gradual suc-
cess with oral feeding. According to the caregiver
report, he subsequently learned to drink from a cup
and orally swallow purees and chewable/solid foods
with minimal difficulties. By 4 years 10 months of age,
Child B received all of his nutrition through oral
feeds and the G-tube site was surgically closed. A
persistent problem with oral retention of food was
reported in that he would sometimes hold food in his
mouth for as long as 30 minutes before swallowing it.

The oral sensory history of this child reflects
early tactile sensitivity. Between the ages of 6 months
and 3 years he refused to allow anyone to touch his
face, particularly the oral area. Although he regularly
used a pacifier, he would accept only the type that he
had used in the neonatal nursery and would not tol-
erate any commercially available soothers. Attempts
were consistently made to provide oral/facial stimu-
lation during early tube feedings, such as sucking on
a pacifier, stroking his lips, rubbing his cheeks, and
using a vibrating toothbrush.

Child C

Child C, a female who was 9 years old at the time of
this study, was diagnosed with CHARGE syndrome
based on the presence of bilateral coloboma of the
retina, characteristic external ear anomalies, pro-
found bilateral sensorineural hearing loss, a tra-
cheoesophageal fistula, distinctive facies, and minor
cardiovascular malformations. She was hospitalized
more than 15 times and had numerous surgeries.
This child experienced early feeding difficulties
evidenced by coughing and increased congestion
associated with nipple feeds, resulting in identifica-
tion of the tracheoesophageal fistula. Oral (bottle)
feeding was resumed when she was 1 week old, fol-
lowing surgical repair. Hospital records noted her to
be a poor feeder immediately following the operation
but she gradually began to nipple well and gain
weight. However, her mother reported that “some
days after feeding she would vomit everything back
up.” There was no documentation of this child ever
receiving medication for reflux (she was not followed
through the tertiary care center during her first few
years of life). Spoon feeding had been attempted prior
to one year 6 months of age but was not successful
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until this time due to constant gagging. The transition
to mashed/lumpy and chewable/solid foods also
presented problems, evidenced by food refusal,
holding food in the mouth to prevent swallowing,
expelling food from her mouth, choking, and gag-
ging. The mother reported that a videofluoroscopic
swallowing study was conducted by a local feeding
team at 2 years 6 months of age and revealed no
abnormalities in the swallow. However, the child
continued to drink from a bottle and ate only pureed
foods until she was 3 years old. Cup drinking (with a
spill-proof top) was introduced between the ages of 3
and 4. Responses to introduction of the cup included
squirming, temper tantrums, throwing the -cup,
refusing to open her mouth, holding liquid in her
mouth without swallowing, gagging, and expelling
the liquid from her mouth. At the time of question-
naire completion, Child C was successfully eating all
textures and trying more foods than she would in the
past. She demonstrated no apparent texture prefer-
ences but showed a preference for sweet-tasting
foods. She continued to experience some reflux, but
was not receiving any medication. She was reported
to be a slow eater who ate only small amounts at a
time.

Parent report indicated evidence of early tac-
tile defensiveness. While the child regularly used a
pacifier between birth and 3 years of age, she seldom
sucked her thumb/fingers and never mouthed objects
during that time. She seldom allowed anyone to
touch her face. While she regularly had her teeth
brushed, she did not like to have the toothbrush
touch her back molars and would close her mouth if
the brush reached too far back. This child did not
receive any therapeutic feeding services.

Child D

Child D, a 4-year-old female, received a diagnosis of
CHARGE syndrome at 2 weeks of age. Her diagnosis
was based on coloboma of the left eye, unilateral
choanal atresia, profound bilateral sensorineural
hearing loss, right facial palsy, cardiac anomalies,
and developmental delay. Her medical history in-
cluded aspiration, pneumonia, and gastroesophageal
reflux. She had been hospitalized numerous times and
had undergone 13 surgeries.

Bottle feeding was attempted with Child D
during the first few days after birth; however, hos-
pital records noted progressive difficulties due to
clinical evidence of a poor suck and swallow.
Therefore, tube feeds became the primary method of
formula delivery, with periodic attempts at bottle
feeding provided during the subsequent six months.

A barium swallow study completed when she was
approximately 1 month old revealed no evidence of
aspiration and only mild reflux. Feeds were provided
via an orogastric (OG) tube until she was 2 months
of age, when a G tube was inserted. Bolus G-tube
feeding continued until she was 6 months of age, but
was changed to a J tube due to frequent regurgitation
and subsequent identification of laryngeal pooling
and aspiration during a modified barium swallow
study. Attempts at oral (bottle) feeding were dis-
continued at this time. A repeat videofluoroscopic
swallow study at 10 months revealed silent aspiration
which prohibited the reintroduction of oral feedings.
When cup drinking was introduced at 3 years of age,
she experienced a wet/gurgly vocal quality, with
coughing and oral and nasal regurgitation. Another
videofluoroscopic swallow study conducted when she
was 3 years 6 months of age revealed no evidence of
frank aspiration but showed pooling of barium in the
valleculae and pyriform sinuses. Continuous J-tube
feedings were provided until she was 3 years 9
months old, at which time she underwent fundopli-
cation surgery due to persistent reflux. At this time
the G tube began to be used again and a transition to
bolus feeds was attempted. An additional video-
fluoroscopic swallow study conducted when Child D
was 4 years of age found that the pharyngeal swallow
had improved (i.e., no evidence of aspiration or
pooling), and there was no evidence of nasal regur-
gitation. Attempts were then made to reintroduce
oral feeds but were essentially unsuccessful. Episodes
of irregular breath holding, coughing, choking, gag-
ging, vomiting, crying, food/liquid refusal, and
expulsion of food/liquid from her mouth were re-
ported with liquids, purees, mashed/lumpy, and
chewable/solid foods. Although she might readily
open her mouth to accept food, she was reported to
then refuse it or hold it in her mouth to prevent
swallowing. Her caregiver indicated that she “doesn’t
seem to taste” but demonstrated some preference for
foods such as crackers, cookies, and breads. At the
time of questionnaire completion, Child D would eat
only small amounts orally and relied on 12-hour
overnight tube feeding to meet her nutritional needs.
Bolus feeds had not been tolerated well, with nausea,
irritability, retching, gagging, reflux, and vomiting
reported.

This child’s parents had consistently at-
tempted to provide oral stimulation since birth, with
limited success. Although she did use a pacifier, she
seldom sucked her fingers/thumb, mouthed objects,
or allowed others to touch her face. When attempts
were made to touch her facial/oral area, she reacted
by gagging, crying, and/or turning her head away.
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Table 1. Feeding-related medical issues for the five children with CHARGE syndrome

Child A Child B Child C Child D Child E

Choanal atresia Bilateral No No Unilateral Stenosis only
Tracheoesophageal fistula No No Yes No No
Facial palsy Yes Yes No Yes No
Sensorineural hearing loss Yes Yes Yes Yes Yes
Cardiovascular malformations:

Minor® Yes No Yes No Yes

Major® Yes Yes No Yes Yes
Gastroesophageal reflux Yes® Yes® Yesd Yes® No
History of nasal regurgitation Yes Yes No Yes No
History of aspiration Yes Yes No Yes No
History of pneumonia Yes Yes Yes Yes No

“Minor = PDA; small ASD/VSD; no repair required.

®Major = Tetralogy of Fallot, AV canal, aortic arch.

“These children all underwent a Nissen fundoplication procedure.
9Based on clinical assessment only.

She seldom allowed anyone to brush her teeth, dis-
liked toothpaste, and had daily temper tantrums
around tooth brushing time.

Child E

Child E, a male who was 5 years of age at the time of
this study, was diagnosed with CHARGE syndrome
based on the presence of bilateral coloboma of the iris
and retina, unilateral choanal stenosis, cranial nerve
anomalies, bilateral sensorineural hearing loss, geni-
tal hypoplasia, renal anomalies, and cardiovascular
malformations. Since birth he had been hospitalized
approximately 6 times and had undergone several
surgeries.

Breast feeding was attempted from birth to
approximately 3 weeks of age. Hospital records re-
ported discontinuation of oral feeds due to observed
sucking difficulty and poor weight gain. Nasogastric
tube feeding was started and continued until 5
months of age. Bottle feeding was initiated at 3
months of age, with gradual progress to weaning
from the tube. He began to take pureed food orally at
5 months of age, with gagging the only difficulty re-
ported. Bottle feeding was gradually replaced by cup
drinking when he was 3 years of age. Some of the
reported difficulties encountered with early cup
drinking were coughing and refusing and throwing
the cup. According to a caregiver report, the child
would open his mouth readily to accept food and had
never experienced significant difficulties swallowing
liquids, purees, mashed/lumpy foods, or chewable/
solid foods. He had not exhibited any taste prefer-
ences. He never underwent feeding or swallowing
assessment or therapy, and there was no reported or

documented evidence of nasal regurgitation or gas-
troesophageal reflux or aspiration.

The oral sensory history of this child suggests
some degree of oral/facial hypersensitivity. Although
he never used a pacifier or explored objects orally, he
often placed his fingers, fist, or thumb in his mouth at
an early age. He seldom allowed others to touch his
face. He did not like others to brush his teeth and was
resistant to having his back molars cleaned.

Summary/Comparison of Children

For comparison purposes, the feeding-related medi-
cal histories, oral sensory experiences, and feeding
histories of these children are summarized in Ta-
bles 1-3. All of the children in this study had issues
surrounding feeding. All experienced sucking diffi-
culty in infancy, and all but one required early tube
feeding. With the exception of Child E, parents re-
ported episodes of gagging, coughing, and food re-
fusal. All were late to begin drinking from a cup and
most demonstrated aversive behaviors when cup
drinking was introduced. Two of the five children
continued to be dependent on tube feeding past the
age of 4 years.

Child A and Child D appear to have the most
chronic/severe difficulties with feeding. However,
while these two children had similar medical and
feeding histories, they appear to have had signifi-
cantly different oral sensory histories. It is interesting
to note that Child A seems to have had greater
acceptance of oral/facial tactile stimulation but has
been more reluctant to accept oral feeding. On the
other hand, Child D has demonstrated significant
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Table 2. Oral sensory experiences of the five children with CHARGE syndrome

Child A Child B Child C Child D Child E
Fingers/thumb in mouth Regularly Sometimes Seldom Seldom Often
Use of pacifier Never Regularly Regularly Often Never
Mouthing of objects Sometimes Regularly Never Seldom Unsure
Acceptance of touch to face Regularly Never Seldom Seldom Seldom
Acceptance of tooth brushing Regularly Regularly Regularly Seldom Sometimes
Nasal/oral gavage feedings OoG* NG oG (0]€; NG
Duration of tube feeds 6 months 7 months 4 days 1 months 5 months
Oral stimulation during tube feeding No Pacifier, tactile n/a‘ Yes Unsure
stimulation
40G: orogastric tube feeding.
"NG: nasogastric tube feeding.
n/a: not applicable; never tube fed.
Table 3. Feeding history/experiences of the five children with CHARGE syndrome
Child A Child B Child C Child D Child E
Successful bottle feedings No No 04 yr No 3 months-3 yr
Age at introduction of cup drinking 4 yr 4 yr 34 yr 3yr 3yr
Age at introduction of pureed foods lyr 4% yr 1% yr Periodically 5 months
attempted

Taste preferences Yes No Yes No* No*
Texture preferences Yes No No Yes Yes
Documented swallowing difficulty Yes Yes Yes Yes No
Difficulty with textures:

Liquids Yes No No Yes No

Purees Yes Yes No Yes No

Mashed/lumpy Yes n/a® Yes Yes No

Chewable/solid n/a® n/a Yes Yes No
Feeding intervention® Yes Yes No Yes No

“Mother reported that child C doesn’t seem to taste.
These textures have never been tried.

“Suggestions/program to promote oral feeding provided by a feeding team (or by an individual speech language pathologist and/or

occupational therapist).

oral hypersensitivity but would accept a variety of
foods orally.

Child E had the relatively least difficulty with
oral feeding, while Child C would also be considered
less severely affected. However, both of these children
had demonstrated some evidence of oral/facial sen-
sitivity and aversion and limited oral exploration.
Child C, who never required tube feeding, demon-
strated difficulty transitioning from a bottle to a cup,
accepting a spoon, and transitioning from pureed to
textured foods. While Child E experienced nasogas-
tric tube feeds during the first 5 months and went
through a lengthy period before complete transition
to cup drinking, transitions to other textures were
reportedly not difficult.

Child B experienced severe difficulties with
oral feeding from 0 to 4 years of age, in conjunction

with oral tactile defensiveness and limited oral
exploration. In spite of this, he was able to success-
fully eat by mouth following an intensive behavioral
therapeutic approach to feeding.

Discussion

Children with CHARGE syndrome present with a
myriad of feeding problems that are extremely vari-
able within the population. Likewise, their early oral
sensory experiences appear to differ widely and are
seemingly unpredictable. All but one of the children
in our study showed difficulty with initial food
acceptance and transitions to new utensils and tex-
tures. This indicates a high prevalence of oral sensory
issues in the population studied.
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Feeding difficulties arise from a constellation
of interrelated medical, environmental, nutritional,
and social variables [24]. Unfortunately, only a gen-
eral neurologic evaluation was conducted with these
children; therefore, we were unable to obtain precise
delineation of specific cranial nerve anomalies in this
group. However, the children who presented with the
most severe feeding problems (A, B, and D) have
more apparent dysfunction of the relative cranial
nerves (CN V, VII, IX, and/or X) than those with
milder difficulties (C and E). This is evidenced by the
presence of facial palsy in Children A, B, and D,
implicating the presence of a CN VII anomaly. Their
documented history of poorly coordinated sucking
and swallowing, nasal regurgitation, aspiration, and
severe gastroesophageal reflux requiring Nissen
fundoplication indicates likely involvement of CN X
as well as possible involvement of CN V and/or IX.
Neither Child C nor Child E experienced facial palsy
or history of nasal regurgitation or aspiration. Their
early sucking behavior may have been inefficient but
was never described as poorly coordinated. Child E
had no reported evidence of gastroesophageal reflux,
while Child C’s mother reported episodes of reflux
following feeding with no documentation of any
medical intervention.

Developmental delay or disability is frequently
cited in the literature as being linked with a high
prevalence of feeding disorders [10,22]. While many
of the children in this study exhibited early psycho-
motor delay, it is not felt that the variability in their
feeding profiles can be accounted for by the presence
of cognitive deficits. Raqbi et al. [§8] followed 21
children with CHARGE syndrome over a period of
approximately 7 years and found that while psycho-
motor milestones were severely delayed for all chil-
dren, intellectual outcome was satisfactory for half of
the population studied. While developmental assess-
ments were not part of the current investigation,
those researchers familiar with this group of children
would suggest that the cognitive/intellectual abilities
of all of these children would fall at minimum into the
normal range. Interestingly, one of the children with
the most severe feeding difficulties has shown an
excellent intellectual outcome, while another child
demonstrating more severe psychomotor and speech
and language delays had relatively less severe feeding
difficulties.

The cardiovascular malformations diagnosed
in this group are variable and do not appear to ac-
count for severity of feeding difficulties. Child E, with
relatively milder feeding difficulties, had both major
and minor cardiovascular malformations. His need
for nasogastric feeding during the first 5 months of

life may be explained by his cardiac problems. While
cardiovascular conditions do not inherently cause
oral-motor feeding problems, their impact is often
related to increased effort involved in feeding result-
ing in lengthy/inefficient feeding, fatigue, and poor
weight gain [17]. The cardiac anomalies do not ap-
pear to have had a major impact on this child’s long-
term feeding success. His relative ease with transitions
to textured foods is likely reflective of the fact that he
did not experience gastroesophageal reflux. In a study
of children with 22q11.2 deletion [29], a history of
gastroesophageal reflux, esophagitis, and/or consti-
pation was more predictive of feeding difficulties than
cardiac anomalies. For Child C, the presence of a
tracheoesophageal fistula caused serious feeding
concerns requiring immediate surgical intervention.
However, this child’s long-term feeding issues were
likely more impacted by her history of gastroesoph-
ageal reflux.

The severity of feeding difficulties in these
children does not appear to correlate well with their
oral sensory experiences. For example, Child A, one
of the most severely affected with respect to feeding
problems, accepted a variety of forms of stimulation
in the oral and facial area. Child D on the other hand,
also one of the more severely affected, seldom ac-
cepted oral or facial tactile stimulation. The fact that
this latter child accepted a pacifier is not surprising.
Wolf and Glass [18] note that children with oral
hypersensitivity often become fixated on one object
which is seen as safe and is accepted in the mouth.
Child B, who also used a pacifier on a regular basis,
would accept only one specific type.

The variable sensory experiences of these
children are challenging to elucidate but are likely
reflective of the complex nature of sensorimotor
development. In the typically developing child, oral
sensorimotor skills advance in conjunction with
neuromotor maturity, improved muscle control, and
psychosocial discrimination [17]. For children with
complex medical concerns such as those seen in
CHARGE syndrome, it is apparent that an intricate
relationship exists between underlying organic/medi-
cal issues, sensory—perceptual deficits, oral-motor
dysfunction, behavior/learning, and parent child
interaction. For many of these children, cranial nerve
anomalies may have had a significant and direct im-
pact on their sensorimotor development. However,
additional factors need to be considered relative to
their medical conditions and subsequent interven-
tions, which are known to have an association with
oral-sensory-based feeding issues [18]. All of these
children had serious cardiac concerns. Rommel et al.
[30], in a study of 700 children who presented to their
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tertiary care institution with feeding problems, found
a strong association between isolated cardiac condi-
tions and oral-sensory-based feeding problems. Wolf
and Glass [18] suggest that infants who are chroni-
cally ill early in life may direct all their resources
toward survival. As such, any increase in sensory
stimulation may be extremely stressful and a pattern
of hypersensitive or aversive responses may arise. In
addition, children who have had negative and/or
traumatic oral-facial experiences in association with
medical treatment may learn a pattern of defensive-
ness to stimulation in and around the oral area which
may persist well beyond the end of the medical
interventions and become reflected in oral hypersen-
sitive and aversive responses. This phenomenon
would certainly be applicable to the group of children
in this study, all of whom experienced numerous
surgeries requiring intubation. All required a least a
short period of oral gavage or nasogastric feedings,
the latter of which may have required repeated rein-
sertions and aversive facial stimulation associated
with taping the tube to the cheek. This may explain
why Child E, who reportedly became aversive to NG-
tube changes, seldom accepted touch to his face.
From an experiential point of view, early oral
exploration is considered a vital part of normal
development and prepares children for the sensations
they will encounter when introduced to solid foods
[20]. While the extent of oral stimulation provided to
the children in this study was not known, it appears
that a number of them experienced limited early oral
exploration in conjunction with oral hypersensitivity
and oral/facial tactile defensiveness. It also appears
that a number of these children may have missed the
critical or sensitive period for the acquisition of oral
feeding skills [27]. Four of these children had minimal
experience with bottle feeding in infancy, while those
that were bottle fed continued to do so well beyond
the typical age of introduction of cup drinking. Child
E, who is the only child who was spoon fed at an
appropriate age, was also the only child who did not
have difficulty transitioning to other textured foods.
Field et al. [22] have predicted that children
with the most numerous and/or severe medical con-
ditions are likely to have more severe feeding prob-
lems due to negative feeding experiences. For several
of the children in this study, their early feeding
experiences were compromised by oral-motor and/or
sensory deficits and were associated with coughing,
choking, nasal regurgitation, aspiration, and/or gas-
troesophageal reflux. These experiences may have
resulted in fear and aversion associated not only with
eating but with any oral stimulation. In an earlier
study, Blake et al. [31] noted that the children with

the most severe feeding problems had bilateral cho-
anal atresia. Only one child in this study was born
with bilateral choanal atresia (Child A), who also
experienced relatively more severe feeding difficulties.
While the long-term impact of this condition on her
feeding development is not known, it may be specu-
lated that her inability to breathe adequately through
her nose during early attempts to feed would have
been extremely stressful. This child’s mother noted
“I’'ve often wondered about the effect of this [choanal
atresia] on her swallow, etc.” This child’s negative
experiences were likely heightened by recurrent gas-
troesophageal reflux, as was the case for many of the
other children. Pain from esophagitis is a common
sequela of gastroesophageal reflux due to recurrent
contact between acid gastric contents and the
esophageal mucosa [18]. Zangen et al. [32] have
speculated that a history of gastritis and esophagitis,
combined with past medical treatment, may con-
tribute to the creation of pathological pain pathways
in infants with central nervous system (CNS) disor-
ders. This might explain the heightened food aversion
or refusal in the subgroup of children in this study
who experienced gastroesophageal reflux. The three
most severely affected children in this study under-
went Nissen fundoplication. While this surgical pro-
cedure may reduce or prevent vomiting, it does not
alter the presence of abdominal pressure against the
lower esophageal sphincter; hence, these children may
have continued to gag, choke, and retch following
surgery [33].

Children with medically based feeding disor-
ders are at high risk of developing behavioral feeding
problems attributable to motivational or skill deficits
[24]. Maladaptive behaviors are relatively common
among children with severe feeding disorders [24],
and the CHARGE population is not likely immune
to this phenomenon. Behaviors described by the
parents of the children in this study included food
refusal, gagging, breath holding, holding food in the
mouth without swallowing it, and expulsion of food
from the mouth. This avoidance of food, while ini-
tially adaptive, often persisted even after the precip-
itating factor(s) had resolved and it was considered
safe for the children to eat orally. Parent—child
interaction may play a role in the maintenance of
these behaviors. The biopsychosocial model of feed-
ing development considers physiological, behavioral,
and social factors all contributing to the development
of severe feeding problems and ‘“‘an ongoing process
of mutual feedback and adaptation” of the parent
and child [34]. The child’s physiological status and
nutritional status, temperament, or history of trau-
matic or negative oral/feeding experiences may indi-
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rectly affect the caregiver—child relationship by
influencing both the caregiver’s responses to the child
and his/her anxiety about the child’s feeding devel-
opment [35]. From the time the child is born, parent—
child interaction is initially stressed by the parent’s
inability to provide the basic caregiving involved in
feeding [34]. Parental responses to a child’s avoidance
of foods or oral/facial tactile stimulation may inten-
sify the child’s maladaptive behaviors, resulting in
further reactions of the child that lead to greater
avoidance behaviors [24,35].

Motivation to eat was likely an issue for the
three children who experienced long-term G-tube
feedings. Given the limited amount of oral feeding
and the length of time these children were on tube
feedings, it is unlikely that any link between sensa-
tions in the mouth and sensations in the stomach
were ever established. While ensuring adequate
nutrition and hydration, the tube feedings would
likely decrease any hunger-driven desire to eat orally
[36]. This would be particularly pertinent when con-
tinuous (versus bolus) feeds were provided with no
opportunity to develop a hunger/satiation cycle [18].
It is unknown whether any of the children experi-
enced anosmia or altered sense of smell, but its
presence might have further diminished any appetite-
related desire to eat from an early age [37].

Conclusion

From the histories of these children it can be seen that
feeding disorders associated with CHARGE syn-
drome initially have an organic or underlying medical
or neurologic basis and may be maintained over time
by remaining sensory and oral-motor skill deficits as
well as the acquisition of maladaptive behavioral
patterns. The majority of children with CHARGE
syndrome will eventually become oral eaters [6], al-
though it should be understood that this is often a
long and gradual process. All of the five children in
this study were accepting some foods orally at the
time of investigation, while only three were com-
pletely orally fed. For children who have been tube
fed for a lengthy period of time, there is a continuum
from nonoral to oral feeding [38]. Early management
from the time of identification of feeding difficulties is
important, with prevention or minimization of oral
defensiveness as a primary goal [6,23,37]. All of the
parents of children who were fed via G tube in this
study reported having provided their children with
some sort of oral sensory stimulation throughout
their child’s development.

A child will be ready to take greater variety of
foods in larger amounts only when a number of
conditions are met. These include resolution of the
precipitating problem(s) (e.g., tracheoesophageal fis-
tula, cardiac condition, or presence of aspiration),
with an extended period of good health status;
swallowing safety; adequate oral-motor skills; ability
to comfortably take sufficient bolus feeds and develop
a sense of hunger; and demonstration of interest/
readiness on the part of the child and parent [38].
These conditions should be assessed by a multidisci-
plinary feeding team involving the parent and with
the use of videofluoroscopic swallow studies to doc-
ument swallowing safety when this is an area of
concern. Helping children with the transition from
gastrostomy tube feeds to oral feeding is a veritable
challenge and requires a coordinated multidisciplin-
ary approach [33]. This is demonstrated in the case of
Child B, where the use of consistent behavioral
intervention [35] facilitated successful oral feeding
following evidence of the appropriate readiness fac-
tors. Unfortunately, for the two other tube-fed chil-
dren, their reported histories indicated that some
outstanding readiness issues remained. The mother of
Child A reported that her child was interested in the
social aspects of eating but did “not feel safe en-
ough.” This child continued to experience nasal
regurgitation with oral intake. Child D, who showed
significant interest and oral motor ability in eating,
continued to require continuous tube feeds because of
severe gastroesophageal reflux. This impeded the
introduction of bolus feeds and prohibited significant
reduction in tube feeding. On a positive note, care-
givers of both of these children indicated that it was
likely their child would eventually eat orally.

Limitations and Future Directions

This study represents a preliminary investigation into
the relationship between oral sensory experiences and
feeding issues in a small number of children with
CHARGE syndrome. Limitations of the study in-
volve the nature of retrospective data collection and
reliance on parent recall. In the medical histories of
these children, we were unable to obtain precise
delineation of specific cranial nerve anomalies or
complete information regarding early investigation
and medical management of gastroesophageal reflux.
Further information on type, intensity, and duration
of feeding therapy would also be helpful to determine
what interventions have been most successful with
this population. These issues might best be investi-
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gated through a more detailed prospective study
involving a greater number of participants, while
exploration of early intervention techniques (medical
and/or behavioral) may be successful in reducing or
eliminating sensory and tactile aversion and facilitate
the prevention and management of feeding difficulties
in this population.

Given the high prevalence of reflux in children
with CHARGE syndrome, we recommend referral to
a pediatric gastroenterology specialist in the neonatal
period as soon as the diagnosis of CHARGE is made.
Followup should involve a multidisciplinary feeding
team and parents should be made aware of the po-
tential for long-term feeding issues.
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