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Objective To determine the clinical characteristics and videofluoroscopic swallowing study (VFSS) findings in
infants with suspected dysphagia and compare the clinical characteristics and VESS findings between full-term
and preterm infants.

Methods A total of 107 infants (67 full-term and 40 preterm) with suspected dysphagia who were referred for VFSS
at a tertiary university hospital were enrolled in this retrospective study. Clinical characteristics and VFSS findings
were reviewed by a physiatrist and an experienced speech-language pathologist. The association between the
reasons of referral for VESS and VFSS findings were analyzed.

Results Mean gestational age was 35.1+5.3 weeks, and mean birth weight was 2,381+1,026 g. The most common
reason for VFSS referral was ‘poor sucking’ in full-term infants and ‘desaturation’ in preterm infants. The most
common associated medical condition was ‘congenital heart disease’ in full-term infants and ‘bronchopulmonary
dysplasia’ in preterm infants. Aspiration was observed in 42 infants (39.3%) and coughing was the only clinical
predictor of aspiration in VFSS. However, 34 of 42 infants (81.0%) who showed aspiration exhibited silent
aspiration during VFSS. There were no significant differences in the VFSS findings between the full-term and
preterm infants except for ‘decreased sustained sucking’

Conclusion There are some differences in the clinical manifestations and VFSS findings between full-term
and preterm infants with suspected dysphagia. The present findings provide a better understanding of these

differences and can help clarify the different pathophysiologic mechanisms of dysphagia in infants.
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INTRODUCTION

The development of swallowing functions begins in the
fetal period. Non-nutritive sucking begins at 15 weeks’
gestation and consistent swallowing is observed at 22—24
weeks of gestation [1]. Sucking-swallowing coordination
is usually established by 32—34 weeks of gestation and
sucking-swallowing-breathing coordination is consis-
tent by 37 weeks’ gestation [2]. Life-threatening neona-
tal diseases such as premature birth, cardiopulmonary
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diseases, and neurologic disorders are the major causes
of dysphagia. There has been a recent increase in infant
swallowing disorders as a result of the improved sur-
vival rates noted in infants born prematurely or with life-
threatening medical disorders [3]. Furthermore, negative
experiences related to feeding, such as intubation, tube
feeding, or airway suctioning may further disturb sucking
and swallowing development [4].

However, very few studies have investigated the clinical
features and mechanisms of dysphagia in infants younger
than 1 year. In particular, studies using videofluoroscopic
swallowing study (VFSS) are limited. Newman et al. [3]
performed a retrospective study on 43 infants younger
than 1 year using VFSS; of them, laryngeal penetration
and aspiration were observed in 17 (40%) and 9 (21%)
infants, respectively. Among the infants with aspiration,
88.9% showed silent aspiration. Mercado-Deane et al. [5]
performed an upper-gastrointestinal study of 1,003 in-
fants younger than 1 year with vomiting and respiratory
symptoms in order to assess the incidence of swallowing
dysfunction. They reported the prevalence of swallow-
ing abnormality was high in preterm infants as well as in
infants with underlying conditions such as bronchopul-
monary dysplasia, congenital heart disease, esophageal
atresia and/or tracheoesophageal fistula, and neuro-
logic disorders. In addition, they observed laryngeal
penetration and aspiration in 33 (18.5%) and 93 (52.2%)
cases, respectively, out of 178 cases in which VFSS was
performed. Lee et al. [6] analyzed the VFSS results of 41
extremely-low-birth-weight infants (birth weight <1,500
g) who showed significant desaturation during feeding at
>35 weeks’ gestational age. They observed bronchopul-
monary dysplasia and stage 3 or 4 intraventricular hem-
orrhage in 21 (51.2%) and 3 (7.3%) infants, respectively.
In addition, aspiration was observed in 7 (17.1%) infants.
Moreover, Kim et al. [7] compared VFSS findings between
subjects with and without pneumonia among 38 infants
without any associated medial disease who presented
with aspiration symptoms: laryngeal penetration and as-
piration were observed in 45% and 26% of the infants, re-
spectively. Furthermore, both findings were significantly
higher in infants with pneumonia than those without
pneumonia. However, no study has compared the VFSS
findings of full-term and preterm infants.

Therefore, this study analyzed the clinical features and
VESS findings of infants younger than 1 year with dyspha-
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gia and compared the clinical features and VESS findings
of full-term and preterm infants.

MATERIALS AND METHODS

Subjects

This study was approved by the Institutional Review
Board of the Samsung Medical Center, a tertiary medical
center in Seoul, Republic of Korea. A waiver of consent
was granted for a chart review without patient contact.
Included in the study were 107 infants younger than
1 year with dysphagia who underwent VESS between
March 2010 and March 2011. When infants underwent
VESS more than once during the study period, only the
first VFSS findings were analyzed.

Methods

Clinical characteristics including sex, gestational age
at birth, birth weights, corrected age when the VFSS was
performed, height and weight were examined. Chief
complaints for which the VFSS was requested and medi-
cal conditions associated with dysphagia were also col-
lected.

VFSSs were conducted as described by Logemann [8]
with some modifications. To evaluate infants, the fluo-
roscope table was tilted vertically and a feeder seat was
placed on the ledge in a semi-reclined position at ap-
proximately 45°. Careful attention was paid to the stability
of the positioning of the infant on the chair or footplate.
Images of the swallowing process were taken in the lat-
eral view (and occasionally in the anteroposterior view)
using fluoroscopic equipment Shimavision 3200 HG (Shi-
madzu, Kyoto, Japan). In infants who were fed only milk,
VESSs were performed with bottle-feeding by mixing an
undiluted liquid barium solution, barium sulfate; Solo-
top sol 140 (Taejoon Pharm, Seoul, Korea) into the milk.
The infants’ own bottles and nipples were used. Infants
who received weaning food were induced to swallow milk
first, followed by ground apples and porridge, in order of
precedence by bottle-feeding and spoon-feeding. This
was performed as quickly as possible in order to mini-
mize radiation exposure. The results were interpreted by
a physiatrist and an experienced speech-language pa-
thologist. These investigations were performed to deter-
mine any problems in the following oral and pharyngeal
phases: 1) sucking patterns, 2) delayed swallowing reflex,
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3) the degrees of epiglottic inversion and laryngeal clo-
sure, 4) the presence of residues, 5) the presence of pene-
tration, and 6) the presence of aspiration. Decreased sus-
tained sucking was defined when the infant was unable
to engage in long sucking bursts (i.e., more than 5 sucks)
without cardiorespiratory compromise or any stress sign.
Delayed swallowing reflex was defined as when the swal-
lowing reflex did not occur until the contrast material
passed the epiglottic vallecula. Epiglottic inversion was
judged to be insufficient if it did not completely invert the
larynx. Laryngeal closure was judged to be insufficient if
the airway was not completely closed during swallowing.
Residue was defined as contrast material remaining in
the pharyngeal cavity after swallowing. Penetration was
defined as when the contrast material passed above the
true vocal cord but not below it. Aspiration was defined
as when the contrast material passed below the true vo-
cal cord.

Statistics

The Mann-Whitney U-test was conducted to deter-
mine significant differences with respect to demographic
characteristics, associated medical conditions, reasons
of referral for VFSS, and VFSS findings between the full-
term and preterm infants. The y” test and Fisher’s exact

Table 1. Demographic characteristics

test were conducted to examine the association between
the reasons of referral for VFSS and VEFSS findings. The
level of significance was set at p<0.05. All analyses were
performed using SPSS ver. 19.0 (IBM, Armonk, NY, USA).

RESULTS

Demographic characteristics

Of the 107 infants, 63 were boys and 44 were girls. The
mean gestational age was 35.1+5.3 weeks. Sixty-seven
(62.6%) were full-term infants born at 37 weeks or later,
and 40 (37.4%) were preterm infants born earlier than 37
weeks. Thirty-two (29.9%) infants were born earlier than
34 weeks and consequently required steroid administra-
tion to prevent respiratory distress syndrome. The mean
birth weight was 2,381.0+1,026.3 g and 41.1% of infants
had low birth weight (i.e., <2,500 g). The mean corrected
age at the time of VFSS was 3.8+3.5 months, mean height
was 58.4+8.5 cm and mean weight was 5,330.0+£2,071.1 g.
When the full-term and preterm infants were compared,
significant differences were noted in birth weight as well
as corrected age, height, and weight at the time of VFSS
(Table 1).

Characteristic Total infants Full-term infants Preterm infants
Total 107 67 40
Boys 63 44 19
Girls 44 23 21
Chronologic age (mo) 4.5%3.5 4.6+3.5 4.3+3.7
Gestational age® (wk) 35.1+5.3 38.7+1.1 29.1+4.0
<34 32
34-37 8
>37 67
Birth weighta) (g) 2,381.0+1,026.3 3,037.6+458.0 1,281.1+725.2
<2,500 44
>2,500 63
The time of VESS
Corrected age (mo)® 3.843.5 4.6%3.5 2.3+2.9
Height (cm)” 58.4+8.5 61.8+6.7 53.1+8.3
Weight (g)a) 5,330.0+£2,071.1 5,991.0+1,843.0 4,228.0+1,978.0

Values are presented as meantstandard deviation.
VESS, videofluoroscopic swallowing study.

9p<0.05, significantly different between full-term and preterm groups according to Mann-Whitney U-test.
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Associated medical conditions

Congenital heart diseases, gastroesophageal reflux,
bronchopulmonary dysplasia, clinical genetic syn-
dromes, and neurologic disorders were observed in 47
(43.9%), 28 (26.2%), 21 (19.6%), 11 (10.3%), and 10 (9.3%)
infants, respectively. In 15 (14.0%) infants, no particular
underlying medical conditions that would cause dyspha-
gia were noted. Except gastroesophageal reflux, there
were significant differences in the frequencies between
the full-term and preterm infants. Congenital heart dis-
ease and clinical genetic syndromes were observed more
frequently in full-term infants. Moreover, bronchopulmo-
nary dysplasias and neurologic disorders such as intra-
ventricular hemorrhage were observed more frequently
in preterm infants (Table 2).

Reasons for referral for VFSS

Among the reasons for referral for VFSS, ‘poor suck-
ing’ was the most common in 37 cases (34.6%), followed
by significant ‘desaturation’ during feeding in 30 cases
(28%), ‘coughing’ during feeding in 26 cases (24.3%),
‘suspected aspiration pneumonia’ in 9 cases (8.4%), and
‘hoarseness’ in 5 cases (4.7%). ‘Poor sucking’ was the
most common reason for VFSS in the full-term infants
(40.3%), and significant ‘desaturation’ during feeding

Table 2. Associated medical conditions

was most common reason for VFSS in the preterm infants
(55.0%). ‘Desaturation’ complaints differed significantly
between the 2 groups (Table 3).

VFSS findings

VFSS findings revealed ‘weak sucking’ and ‘decreased
sustained sucking’ in 46 (43.0%) and 48 (44.9%) infants,
respectively, in the oral phase. In the pharyngeal phase,
‘delayed swallowing reflex, ‘insufficient epiglottic inver-
sion, and ‘insufficient laryngeal closure’ were observed
in 74 (69.2%), 83 (77.6%), and 60 (56.1%) infants, re-
spectively. ‘Residue, ‘penetration only, and ‘aspiration’
were observed in 68 (63.6%), 38 (35.5%), and 42 (39.3%)
infants, respectively. Of the 42 infants who showed as-
piration, 34 (81.0%) had silent aspiration and aspiration
occurred without any symptoms in most cases (Table
4). When comparing the VFSS findings between the full-
term and preterm infants, only ‘decreased sustained
sucking’ was significantly different (34.3% and 62.5%,
respectively). No significant differences were observed
with respect to other VESS findings between the 2 groups
(Table 4).

As mentioned above, the X2 test and Fisher’s exact test
were conducted to determine the associations between
reasons for referral for VFSS as well as VFSS findings for

All infants (n=107)

Full-term infants (n=67) Preterm infants (n=40)

Congenital heart disease® 47 (43.9)

Gastroesophageal reflux 28 (26.2)

Bronchopulmonary dysplasia® 21 (19.6)
Clinical genetic syndrome” 11 (10.3)
Neurological disorder” 10(9.3)

41 (61.2) 6 (15.0)
18 (26.9) 10 (25.0)
0 (0) 21 (52.5)
11 (16.4) 0 (0)
2 (3.0) 8 (20.0)

Values are presented as number (%).

“p<0.05, significantly different between full-term and preterm groups according to Mann-Whitney U-test.

Table 3. Reasons for referral for videofluoroscopic swallowing study

All infants (n=107)

Full-term infants (n=67) Preterm infants (n=40)

Poor sucking 37 (34.6)
Desaturation® 30 (28.0)
Cough 26 (24.3)
Suspicious aspiration pneumonia 9(8.4)
Hoarseness 5(4.7)

27 (40.3) 10 (25.0)
8(11.9) 22 (55.0)

20 (29.9) 6 (15.0)
8(11.9) 1(2.5)
4(6.0) 1(2.5)

Values are presented as number (%).

9p<0.05, significantly different between full-term and preterm groups according to Mann-Whitney U-test.
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Table 4. Videofluoroscopic swallowing study findings

All infants (n=107)

Full-term infants (n=67) Preterm infants (n=40)

Oral phase abnormality

Weak sucking 46 (43.0)
Decreased sustained sucking” 48 (44.9)
Pharyngeal phase abnormality
Delayed swallowing reflex 74 (69.2)
Insufficient epiglottic inversion 83 (77.6)
Insufficient laryngeal closure 60 (56.1)
Residue 68 (63.6)
Penetration only 38 (35.5)
Aspiration 42 (39.3)

25 (37.3) 21 (52.5)
23 (34.3) 25 (62.5)
45 (67.2) 29 (72.5)
52 (77.6) 31(77.5)
40 (59.7) 20 (50.0)
38 (56.7) 30 (75.0)
24 (35.8) 14 (35.0)
26 (38.8) 16 (40.0)

Values are presented as number (%).

“p<0.05, significantly different between full-term and preterm groups according to Mann-Whitney U-test.

Table 5. Relationship between reasons for referral for VFSS and abnormities in VFSS

Poor sucking Desaturation Cough Suspicious aspiration Hoarseness
(n=37) (n=30) (n=26) pneumonia (n=9) (n=5)

Oral phase abnormality

Weak sucking 22 (59.5)" 10 (33.3) 11 (42.3) 3(33.3) 0(0)

Decreased sustained sucking 18 (48.6) 18 (60.0)" 8(30.8) 3(33.3) 1(20.0)
Pharyngeal phase abnormality

Delayed swallowing reflex 26 (70.3) 24 (80.0) 17 (65.4) 5(55.6) 2 (40.0)

Insufficient epiglottic inversion 28 (75.7) 26 (86.7) 20 (76.9) 7(77.8) 2 (40.0)

Insufficient laryngeal closure 21 (56.8) 13 (43.3) 17 (65.4) 7(77.8) 2 (40.0)

Residue 23 (62.2) 20 (66.7) 18 (69.2) 4(44.4) 3(60.0)

Penetration only 14 (37.8) 13 (43.3) 5(19.2)Y 4(44.4) 2 (40.0)

Aspiration 11 (29.7) 12 (40.0) 15 (57.7)" 3(33.3) 1 (20.0)

Values are presented as number (%).
VESS, videofluoroscopic swallowing study.

a)p<0.05, significant association according to y” test or Fisher’s exact test.

oral- and pharyngeal-phase abnormalities. Cases exhib-
iting ‘poor sucking’ were significantly associated with
‘weak sucking’ in VFSS. Cases exhibiting ‘desaturation’
were significantly associated with ‘deceased sustained
sucking’ in VFSS. In infants with ‘coughing, ‘aspiration’
was significantly higher than those without coughing
(Table 5).

DISCUSSION

In this study, the mechanism of dysphagia was system-
atically analyzed using VFSS in a large number of infants
younger than 1 year who presented with dysphagia. The
present results help describe the symptoms, associated

medical conditions, and pathophysiology of dysphagia in
infants younger than 1 year.

VEFSSs were requested to evaluate oral-phase abnor-
malities such as ‘poor sucking’ in 40.3% of full-term in-
fants. Moreover, pharyngeal-phase abnormalities such as
‘desaturation, ‘suspected aspiration pneumonia, ‘cough-
ing, and ‘hoarseness’ accounted for 75% of all reasons for
VESS in the preterm infants. The reason for this is likely
because VFSSs were mostly requested within 3 months
(meanz*standard deviation, 2.3+2.9 months) when reflex-
ive sucking is still maintained.

In this study, aspiration was observed in 39.3% of in-
fants with dysphagia. Lee et al. [6] and Newman et al.
[3] report the ‘aspiration’ rate of infants to be 17.1% and

WWW.e-arm.org

179



Kyeong Eun Uhm, et al.

21%, respectively, lower than that in the present study.
In contrast, Mercado-Deane et al. [5] report the ‘aspira-
tion’ rate to be 52.2%, higher than the present study. The
discrepancies between studies are assumed to be due to
differences in subject inclusion criteria, gestational age,
medical conditions, test methods, etc. Therefore, addi-
tional studies on VESS findings from individual medical
conditions are required.

In this study, there was no significant difference in the
prevalence of aspiration between the full-term and pre-
term infants (38.8% vs. 40.0%, respectively). The only pa-
rameter that differed significantly between the full-term
and preterm infants in VFSS was ‘decreased sustained
sucking, which was significantly higher in preterm in-
fants. Sequential and rhythmic sucking, swallowing, and
breathing are controlled by the central nervous system
[9,10]. At 34 weeks, the coordination of sucking, swal-
lowing, and breathing is possible because of myelina-
tion of the medulla. A mature sucking pattern develops
at approximately 35—36 weeks’ gestation. However, a
well-coordinated pattern may not be established until
after 37 weeks’ gestation [10]. A mature sucking pattern
is characterized by prolonged bursts of more than 10
sucks with a suck-swallow-breathe ratio of 1:1:1 at term.
Although the numbers of sucking bursts and suckings
per burst increase from 34 weeks to term [11], extremely
preterm infants (born at 24—29 weeks’ gestation) gen-
erate significantly fewer bursts and suckings per burst
than more mature preterm infants (born at 30—32 weeks’
gestation) when sucking patterns were analyzed at a
corrected age of 40 weeks [12]. The extremely preterm
infants also exhibited significantly fewer suckings per
burst than the full-term infants [12]. This developmental
delay of sucking in preterm infants and the fact that the
preterm infants’ corrected ages at the time of VFSS were
significantly lower than those of the full-term infants
are the likely underlying causes of the significantly more
frequent ‘decreased sustained sucking’ observed in the
preterm infants.

In this retrospective study, cases in which the symptom
was ‘poor sucking’ were significantly associated with
‘weak sucking’ in the VFSS findings but not with ‘de-
creased sustained sucking! Moreover, cases in which the
symptom was ‘desaturation’ were significantly associated
with ‘decreased sustained sucking’ in VFSS. These results
may have been observed because ‘decreased sustained
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sucking’ likely acted as a confounding bias, because ‘de-
saturation’ was the most common reason for referral for
VESS in the preterm infants and ‘decreased sustained
sucking’ was frequently observed in preterm infants.
Thus, since sucking-swallowing-breathing coordination
is incomplete in preterm infants, preterm infants fre-
quently experience apnea during feeding and eventually
exhibit desaturation [10,13]. Cases in which VFSS was
requested due to ‘coughing’ showed ‘aspiration’ in VFSS
significantly more frequently; moreover, ‘coughing’ was
the only clinical symptom that could be used to predict
‘aspiration’ in VFSS. However, no other clinical symp-
toms indicating pharyngeal-phase abnormalities, such
as ‘desaturation, ‘suspected aspiration pneumonia, and
‘hoarseness, could predict pharyngeal-phase abnormali-
ties in VESS.

Despite the fact that there were no clear symptoms that
could predict aspiration other than ‘coughing, 34 (81.0%)
out of 42 infants showed ‘silent aspiration’ in VFSS. This
result is similar to those reported in previous studies
investigating the prevalence of silent aspiration by New-
man et al. [3] and Arvedson et al. [14]. This indicates that
many infants who are not clinically suspected of having
dysphagia because they do not cough may have aspira-
tion. Therefore, the existence of aspiration should be
evaluated using VFSS in infants with a higher aspiration
risk if clinical symptoms are ambiguous. Moreover, VFSS
is advantageous in that it provides information regarding
the diagnosis of congenital malformations such as tra-
cheoesophageal fistula, esophageal atresia, gastroesoph-
ageal reflux, and nasopharyngeal reflux [15,16] and can
effectively assess changes in swallowing functions after
feeding interventions.

This study has several limitations. First, the VESS find-
ings of the normal control group could not be compared
with those of infants with dysphagia. Second, the pres-
ent study was a single-center study; therefore, the infant
group might not accurately reflect the demographic char-
acteristics and associated medical conditions of all in-
fants with dysphagia. In particular, the high ratio of pre-
term infants and infants with congenital heart diseases
might reflect the characteristics of the hospital in which
the study was conducted.

Immediate appropriate intervention is required for in-
fant dysphagia, because it can cause not only respiratory
organ complications such as aspiration pneumonia, but
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also malnutrition and developmental delays [3,17,18].
Feeding interventions in infants involve position chang-
es, flow rate adjustment, texture modification, oral
stimulation, desensitization, nutritional interventions
and alternative feeding [18,19]. Accurate identification
of the pathophysiology of swallowing abnormalities via
VESS is helpful for determining appropriate feeding in-
terventions [20]. However, additional studies are required
to evaluate the prognosis and efficacy of interventions
based on VFSS findings.

In conclusion, VFSS findings in full-term and preterm
infants with dysphagia younger than 1 year were ana-
lyzed and compared. Aspiration was observed in 39.3%
of infants; 81.0% of these cases were silent aspiration.
When assessing infants with dysphagia, it is critical to
consider that quite a few infants without coughing show
aspiration, although coughing is the only indicator that
could predict aspiration. In the preterm infants, ‘desatu-
ration’ was a more common reason for referral for VFSS.
In addition, ‘decreased sustained sucking’ in VFSS oc-
curred more frequently in preterm than full-term infants.
These differences will be helpful to better understand the
pathophysiology of dysphagia in preterm and full-term
infants.
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