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Abstract Dysphagia is a common problem in children with
repaired oesophageal atresia (OA). Abnormalities in the oro-
pharyngeal and oesophageal phase have hardly been studied.
The aims of this study were to assess the prevalence of dyspha-
gia in children with repaired OA and to identify and differenti-
ate oral and pharyngeal dysphagia based on videofluoroscopic
swallow study (VFSS) findings in a limited number of children
in this cohort. Medical records of 111 patients, born between
January 1996 and July 2013 and treated at the Radboudumc
Amalia Children’s Hospital, were retrospectively reviewed.
The prevalence of dysphagia was determined by the objective
and modified Functional Oral Intake Scale (FOIS) in four age

groups. The first performed VFSS of 12 children was structur-
ally assessed. The prevalence of dysphagia was 61 of 111 pa-
tients (55 %) in age group <1 year. In age group 1–4, 5–11 and
12–18 years, the prevalence of dysphagia decreased from 54 of
106 (51 %) patients to 11 of 64 (17 %) and 5 of 24 (21 %)
patients. The 12 VFSS’s reviews revealed oral dysphagia in
36 % and pharyngeal dysphagia in 75 %.

Conclusions: This study highlights dysphagia as an impor-
tant problem in different age groups of children with repaired
OA. Furthermore, our study shows the presence of oropharyn-
geal dysphagia in this population. This study emphasizes the
need to standardize the use of objective dysphagia scales, like
the modified FOIS, to provide a careful follow-up of children
with repaired OA.

What is Known:
• Prevalence of dysphagia in children with repaired oesophageal atresia

varies widely (ranges from 45 to 70 %) in literature.
• Oral, pharyngeal and oesophageal dysphagia require different

treatment approaches.

What is New:
• We determined dysphagia based on functional oral intake and provide

an overview of change in dysphagia prevalence and severity over time
in children with repaired OA.

•Our study shows that dysphagia, including oropharyngeal dysphagia, is
highly prevalent in young children with repairedOA and improves with
time.
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FOIS Functional Oral Intake Scale
GORD Gastro-oesophageal reflux disease
IQR Interquartile range
OA Oesophageal atresia
TOF Tracheo-oesophageal fistula
VACTERL Vertebral, anorectal, cardiac, tracheo-oesopha-

geal, renal and limb defects
VFSS Videofluoroscopic swallow study

Introduction

Oesophageal atresia (OA) is a congenital malformation, char-
acterized by an interruption in the continuity of the oesopha-
gus [11, 22]. OA affects one in 2500 to 4500 live births and is
fatal without surgical treatment. The prognosis is influenced
by the occurrence of associated morbidities [11, 17, 21]. Other
congenital malformations are present in more than 50 % of
children with OA [17]. The co-occurrence of the most fre-
quent congenital anomalies is named the VACTERL associa-
tion (vertebral, anorectal, cardiac, tracheo-oesophageal, renal
and limb defects) [11, 17, 22]. During the previous two de-
cades, survival rates of children with OA have improved to a
current rate of more than 90 % [12, 17, 21, 22]. Despite this
improved survival, significant numbers of children with
repaired OA still have to deal with short- and long-term mor-
bidity. This has led to increased interest in the identification of
morbidity in these patients [10–12, 21, 23].

Dysphagia is a common problem [12, 20, 23]. Due to the
dysphagia, many children develop adaptive feeding behav-
iours [11, 20]. Dysphagia can occur in association with
gastro-oesophageal reflux [5, 6]. Moreover, serious conse-
quences of dysphagia like failure to thrive and aspiration
may occur [11]. Two issues limit the up-to-date knowledge
of dysphagia in this population. First, different definitions are
used to describe dysphagia [10, 14, 20], which probably ex-
plains the wide variability in prevalence of 45 to 70% [12, 13,
18, 23]. Second, dysphagia can occur in one or more phases of
the swallowing process, respectively, the oral, pharyngeal and
oesophageal phase. Abnormalities in different phases require
different treatment approaches [1, 8]. The extent to which
dysphagia occurs in the oropharyngeal swallowing phase re-
mains unclear [9, 26].

A clear definition and an objective tool are essential to
accurately report the prevalence and severity of dysphagia
during follow-up. According to the American Speech-
Language-Hearing Association (ASHA) (www.asha.org),
paediatric dysphagia is defined as ‘difficulty with any step
of the feeding process, from accepting foods and liquids into
the mouth to the entry of food into the stomach and intestines’.
Appropriate non-invasive evaluation of change in dysphagia
and its severity over time can be obtained using the Functional
Oral Intake Scale [4]. To our best knowledge, no studies have

described change in prevalence and severity of dysphagia over
time using this functional oral intake scale in children with
repaired OA.

Concerning the different swallowing phases, it is im-
portant to identify the specific phase in which dysphagia
occurs. The videofluoroscopic swallow study (VFSS) is
generally accepted as the best investigation to objectively
assess the oropharyngeal phase of the swallow function
[1, 8]. So far, occurrence of dysphagia in the oropharyn-
geal phase of the swallow has hardly been studied in
children with repaired OA [9, 26].

Aims

Identification of the change in prevalence and severity of, in
particular, oropharyngeal dysphagia over time will provide
advanced insight and may improve follow-up and manage-
ment of children with repaired OA. The first aim of our study
was to assess the prevalence and severity of dysphagia based
on the Functional Oral Intake Scale (FOIS) in different age
groups of children with repaired OA. In addition, our aims
were to subdivide this prevalence in oropharyngeal and oe-
sophageal dysphagia and to determine if dysphagia was asso-
ciated with gastro-oesophageal reflux disease (GORD).
Secondary, this study aimed to identify oral and pharyngeal
dysphagia based on VFSS findings in a limited number of
children in this cohort.

Material and methods

Patient population and materials

A retrospective cohort study in patients with OA, born be-
tween January 1996 and July 2013, was performed at the
Radboudumc Amalia Children’s Hospital, Nijmegen, the
Netherlands. Patients with OA treated in this tertiary paediat-
ric centre were identified using the OA registration list of the
Paediatric Surgery Department and were included in the clin-
ical cohort. Patients with any of the following criteria were
excluded: death within the first 6 months of life, patients with
a follow-up less than 6 months, patients lost to follow-up or no
available paediatric and paediatric surgery medical records.
The medical records were reviewed from birth through
December 2014.

Additionally, all first VFSSs of the included patients with
repaired OA performed at the research location were identi-
fied. All included VFSSs were performed between June 2002
and November 2014. Patients included in the VFSS review
will be referred to as ‘VFSS cohort’.
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Patient characteristics

Medical records of included patients in the clinical and VFSS
cohort were reviewed for the following patient characteristics:
data on gender, birth weight, gestational age, type of OA
based on the Gross classification [7], associated
malformations/syndromes, type of surgery to correct OA, oe-
sophageal dilatation for anastomotic stricture, the reported
presence of GORD and fundoplication. Our patients received
standard anti-acid medication until the age of 6 months.
Therefore, GORD was defined as use of anti-acid medication
because of reflux symptoms after 6 months of age.

Data collection

Medical records of patients included in the clinical cohort
were systematically reviewed. The occurrence of dysphagia,
sensations of food impaction, oesophageal dilatation and
GORD was determined in four age groups: respectively <1,
1–4, 5–11 and 12–18 years. Patients were assigned to the age
groups from birth until the age at last follow-up as stated in
their medical record. The ordination of these age groups was
based on anatomic differences of the swallowing mechanism
in infants and adults [2], clinical experience of the paediatri-
cian (JD) and two speech language pathologists (LE, SG)
involved in this study.

Dysphagia

To determine the prevalence and severity of dysphagia, the
FOIS was used. This objective dysphagia scale was originally
validated to determine change in the occurrence and severity
of dysphagia in an adult population over time [4]. The FOIS
was chosen since no appropriate functional oral intake tool
exists to estimate change in dysphagia occurrence and severity
over time in children [3]. The FOIS includes seven levels
concerning functional oral intake, ranging from nothing by
mouth (level 1) to total oral diet with no restrictions (level 7)
as shown in Table 1 [4]. Based on information on oral intake
as stated in the medical records, each patient was assigned to
one of the FOIS levels in the four age groups. If no informa-
tion concerning diet was stated, the oral diet was considered
normal and rated as oral diet with no restrictions (level 7). If
multiple levels were applicable within one age group, the low-
est level was assigned.

Modifications in the FOISweremade in order to assign this
scale to patients in age group <1 year, since infants at this age
are still expanding their oral diet from liquid (milk) to pureed
and solid foods. These modifications were made based on
Christiaanse et al. [3] and based on the distinct stages in the
process of expanding the diet in infants [16]. Normal expan-
sion of oral diet was considered reached when introduction of
solid foods in pureed form started before 9 months of age and

the introduction of mashed foods and soft lumps started before
12 months of age. According to age group <1 year, the fol-
lowing FOIS modifications were made: level 4–level 6 were
merged and assigned if expansion of oral diet was not reached.
Level 7 was assigned if expansion of oral diet was reached
(Table 2).

Dysphagia was defined as a FOIS level below 7; meaning
total oral diet had specific food limitations or was more re-
stricted. The severity of dysphagia was expressed in FOIS
level (level 1–level 6). The occurrence of dysphagia was
subdivided in oropharyngeal and oesophageal dysphagia.
Therefore, sensations of food impaction and oesophageal di-
latation in history were determined in the same age group.
Dysphagia was considered to occur in the oesophageal phase
if sensations of food impaction or oesophageal dilatation were
reported.

Videofluoroscopic swallow studies

Since the FOIS does not determine the aetiology of dysphagia,
the prevalence of oral and pharyngeal dysphagia based on

Table 1 Functional Oral Intake Scale (FOIS) according to Crary et al.
[4]: children 1–18 years

Intake

Level 1 Nothing by mouth

Level 2 Tube dependent with minimal attempts of food or liquids

Level 3 Tube dependent with consistent oral intake of food or liquids

Level 4 Total oral diet of a single consistency

Level 5 Total oral diet with multiple consistencies,
but requiring special preparations or compensations

Level 6 Total oral diet with multiple consistencies without
special preparation, but with specific food limitations

Level 7 Total oral diet with no restrictions

Table 2 Modified Functional Oral Intake Scale (FOIS): children
<1 year

Intake

Level 1 Nothing by mouth

Level 2 Tube dependent with minimal attempts of food or
liquids

Level 3 Tube dependent with consistent oral intake of food or
liquids

Levels 4–6 Expansion of oral diet not reacheda

Level 7 Expansion of oral diet reacheda

a Normal expansion of oral diet was considered reached when introduc-
tion of solid foods in pureed form started before 9 months of age and the
introduction of mashed foods and soft lumps started before 12 months of
age [16]
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VFSS will give advanced insight in different possible causes
of dysphagia in our population. The VFSS images were stored
on video home system (VHS) or on the Digital Swallowing
Workstation (Kay Pentax Swallowing Workstation, Lincoln
Park, New Jersey). VFSS procedures in children are individ-
ualized according to the child’s age and developmental level.
VFSS were completed with different volumes and three dif-
ferent nutritional consistencies if applicable for the patient,
namely thin liquid (i.e. milk), liquid (i.e. pureed food) and
solid food (i.e. bread). Contrast (Xenetic 300 mg or Barium;
Guerbet, Brussels, Belgium) was used to visualize the swal-
low act [8, 24].

Assessment procedure

The VFSS images were assessed according to structural and
functional findings in the oral, pharyngeal and upper oesoph-
ageal phase of the swallowing process according to van den
Engel-Hoek et al. [24]. The presence or absence of these find-
ings was scored dichotomously.

As literature shows experience and training influences re-
liability, the following procedure was conducted in order to
achieve accurate assessment of VFSS images [15]. First, two
experienced speech language pathologists (LE, SG) assessed
the VFSS images in real time and slowmotion separately. The
ratings were compared, and inconsistencies between the two
raters were determined. These inconsistent VFSS ratings were
reviewed and discussed until consensus was reached. In order
to present the most reliable results, consensus was used to rate
the identified abnormalities in the oral, pharyngeal and upper
oesophageal phase.

Statistical analyses

Data were analysed using SPSS statistics 20.0. Descriptive
statistics were used for patients’ characteristics, prevalence
and severity of dysphagia and VFSS findings. Categorical
variables were described as number and percentage; continu-
ous variables were described asmedian and interquartile range
(IQR). The prevalence of dysphagia in patients with repaired
OA was calculated in the four age groups. Additionally, the
prevalence rate was subdivided in percentages oropharyngeal
and oesophageal dysphagia. To provide a clear overview of
changes in severity of dysphagia over time, severity was
expressed by compromising the 7 FOIS levels into three cat-
egories, namely tube-dependent feeding (levels 1–3), oral diet
with restrictions (levels 4–6) and oral diet without restrictions
(level 7 = no dysphagia). Additional analyses were performed
in order to compare patient’s characteristics and to determine
if dysphagia was associated with GORD in the four age
groups. For that, the two-tailed Fisher’s exact test was used
with a significance level of 0.05. In order to compare change
in dysphagia prevalence over time, a mixed logistic regression

model with random intercept for subjects was used. This sta-
tistical model was chosen since each patient is present in mul-
tiple (>1) age groups and the variable of interest is on a di-
chotomous scale. A significance level of 0.05 was chosen.

Results

Patient characteristics

A total of 147 patients with repaired OA were identified. Of
these, 36 patients were excluded: 13 patients died within the
first 6 months of life, follow-up less than 6 months in nine
patients, lost to follow-up in five patients and no available
medical records in nine patients. So, 111 patients were includ-
ed in the clinical cohort, as shown in Fig. 1. The number of
patient records reviewed in the four age groups were as fol-
lows: 111 (<1 year), 106 (1–4 years), 64 (5–11 years), 24 (12–
18 years). Characteristics of patients in the clinical cohort
(n = 111) are shown in Table 3. Median patient age at last
follow-up was 7.0 years (IQR, 2.9–11.4 years). Three patients
died at, respectively, 7, 9 and 14 months of age.

Of the clinical cohort, a total of 13 patients were identified
with a VFSS procedure. One patient was excluded due to
missing VFSS images. Eventually, a total of 12 VFSS, per-
formed between June 2002 and November 2014, were includ-
ed and assessed, as shown in Fig. 1. Patients’ characteristics of
the VFSS cohort are shown in Table 3. In the VFSS cohort, all
patients were male (p < 0.05). There were no other significant
differences between patients’ characteristics in patients with
(VFSS cohort) or without (clinical cohort excl. VFSS) a VFSS
procedure.

Identified
147 patients, born

Jan 1996-Jul 2013

Included
111 patients

Excluded
36 patients

Identified VFSS
13 patients

Included VFSS
12 patients

Excluded VFSS
1 patient

Reviewed
111 medical

records

Fig. 1 Selection of patients with repaired OA. VFSS videofluoroscopic
swallow study
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Dysphagia

The prevalence of dysphagia in the four age groups is shown
in Table 4. Dysphagia was present in 61 (55 %) patients in age

group <1 year and in 54 (51 %) patients in age group 1–
4 years. In age group 5–11 years, the number of patients with
dysphagia decreased (p = 0.001) to 11 (17 %). Dysphagia was
present in 5 (21 %) patients in age group 12–18 years. The

Table 3 Characteristics of patients with repaired OA in the clinical and VFSS cohort

Clinical cohort Clinical cohort (excl.
VFSS cohort)

VFSS cohort

n (%) or median (IQR) p valuea

Number of patients 111 (100 %) 99 (100 %) 12 (100 %)
Age at last follow-up (years) 7 3–11 7 (3–11) 10 3–13 0.342
Age at VFSS performed (years) 2.2 1.3–4.9 2.2 1.3–4.9
Gender
Male 70 (63 %) 58 (59 %) 12 (100 %)
Female 41 (37 %) 41 (41 %) 0.003
Gestational age (weeks)
<37 37 (33 %) 33 (33 %) 4 (33%)
≥37 68 (61 %) 61 (62 %) 7 (58%) 1.000
Unknown 6 (5 %) 5 (5 %) 1 (8%)
Birth weight in gramsb 2630 2135–3098 2640 2113–3123 2590 2435–3037 0,811
Associated syndromes

No 69 (62 %) 61 (62 %) 8 (67 %)
Yes 42 (38 %) 38 (38 %) 4 (33 %) 1.000

VACTERL association 30 (27 %) 27 (27 %) 3 (25 %)
Goldenhar syndrome 2 (2 %) 2 (2 %)
Down syndrome 3 (3 %) 2 (2 %) 1 (8 %)
Feingold syndrome 1 (1 %) 1 (1 %)
Caudal duplication syndrome 1 (1 %) 1 (1 %)
Unknown syndromes 5 (5 %) 5 (5 %)
Type of OAc

Type C 86 (77 %) 76 (77 %) 10 (83 %)
Other types of OA 23 (21 %) 21 (21 %) 2 (17 %) 1.000

Type A 9 (8 %) 8 (8 %) 1 (8 %)
Type B 1 (1 %) 1 (1 %)
Type D 6 (5 %) 6 (6 %)
Type E 6 (5 %) 5 (5 %) 1 (8 %)
Otherd 1 (1 %) 1 (1 %)

Unknown 2 (2 %) 2 (2 %)
Surgical procedure

Primary anastomosis 90 (81 %) 81 (82 %) 9 (75 %)
No primary anastomosis 17 (15 %) 14 (14 %) 3 (25 %) 0.401

Delayed primary anastomosis 1 (1 %) 1 (1 %)
Jejunum interposition 8 (7 %) 7 (7 %) 1 (8 %)

Colonic interposition 1 (1 %) 1 (1 %)
Ligation TOF 5 (5 %) 4 (4 %) 1 (8 %)

Laser coagulation TOF 1 (1 %) 1 (1 %)
Cervical oesophageal fistulae 1 (1 %) 0 1 (8 %)
Unknown 4 (4 %) 4 (4%)
Oesophageal dilatation

Yes 79 (71 %) 71 (72 %) 8 (67 %)
No 32 (29 %) 28 (28 %) 4 (33 %) 0.741
GORDf

Yes 102 (92 %) 90 (91 %) 12 (100 %)
No 9 (8 %) 9 (9 %) 0.593
Fundoplication

Yes 16 (14 %) 13 (13 %) 3 (25 %)
No 95 (86 %) 86 (87 %) 9 (75 %) 0.376

a p value calculated for clinical cohort (excl VFSS cohort) vs VFSS cohort. b Birth weight data were missing in 23 patients in the clinical cohort and in 5
patients in the VFSS cohort. c Gross classification. d OA type C with incomplete interruption of oesophageal lumen. e Surgical procedure performed in
foreign country. f Overall GORD prevalence (age 0–18 years), prevalence per age group is shown in section: association between dysphagia and GORD

OA oesophageal atresia, VFSS videofluoroscopic swallow study, IQR interquartile range, VACTERL vertebral, anorectal, cardiac, tracheo-oesophageal,
renal and limb malformations, TOF tracheo-oesophageal fistula, GORD gastro-oesophageal reflux disease
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percentage oropharyngeal (30 %) and oesophageal dysphagia
(70 %) remained stable.

Severity

The severity of dysphagia, expressed in FOIS levels, is
shown in Fig. 2. The numbers of tube-dependent patients
decreased in the older age groups from 47 (42 %) in age
group <1 year to 16 (15 %) in age group 1–4 years, 5
(8 %) in age group 5–11 years and 1 (4 %) in age group
12–18 years. The number of patients with an oral diet
with restrictions was 14 (13 %) in age group <1 year,
38 (36 %) in age group 1–4 years, 6 (10 %) in age group
5–11 years and 4 (17 %) in age group 12–18 years.

Association between dysphagia and GORD

GORD prevalence was determined per age group. GORDwas
present in 100 (90 %) patients in age group <1 year, in 60
(57 %) patients in age group 1–4, in 28 (44 %) patients in age
group 5–11 and in 8 (33 %) patients in age group 12–18 years.
A statistically significant association was found with GORD
and dysphagia in age group <1 year (p = 0.041), 1–4 years
(p = 0.001) and 5–11 years (p = 0.001). GORD was more
common in patients with dysphagia, (respectively, 97, 74
and 91 %) in the three age groups than that in patients without
dysphagia (84, 40 and 34 %). There was no significant asso-
ciation (p = 0.289) in age group 12–18 years. Severe GORD,
treated by fundoplication, was significantly associated
(p < 0.05) with dysphagia in all four age groups.

Table 4 Prevalence of
dysphagia, based on the
Functional Oral Intake Scale, in
children with repaired OA in age
groups <1, 1–4, 5–11 and 12–
18 years

Age group <1 year 1–4 years 5–11 years 12–18 years

Number of OA patients 111 106 64 24

% (n) 95 % CI % (n) 95 % CI % (n) 95 % CI % (n) 95 % CI
Dysphagia 55 (61) 45–64 51 (54)a 41–61 17 (11)b 9–29 21 (5)c 7–42
Percentage oropharyngeal

dysphagiad
37 (22) 25–50 21 (11) 11–34 27 (3) 6–60 20 (1) 1–71

Percentage oesophageal
dysphagiad

63 (38) 50–75 79 (42) 66–89 73 (8) 39–94 80 (4) 28–99

a–c p value was calculated to for change in percentage of dysphagia in a age group 1–4 compared to age group
<1 year (p = 0,5126), b age group 5–11 compared to age group 1–4 years (p = < 0,001), c age group 12–18
compared to age group 5–11 (p = 0,8575). d Data on sensation of food impaction and oesophageal dilatation in one
patient with dysphagia were missing in age groups <1 and 1–4 years due to treatment in a foreign country until the
age of 5 years

OA oesophageal atresia, 95 % CI 95 % confidence interval for percentage was calculated

Age groups in years
12 - 18 5 - 111 - 4< 1

Pe
rc

en
t

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Level 7: total oral diet without 
restrictions (no dysphagia) 

Level 4-6: total oral diet with restrictions 
(dysphagia) 

Level 1-3: tube dependent (dysphagia) 

Functional Oral Intake Scale 
(FOIS) levels  

n = 24n = 106 n = 64n = 111

Fig. 2 Severity of dysphagia,
expressed in FOIS levels, in four
age groups. FOIS Functional Oral
Intake Scale, n number of patients
per age group
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VFSS findings

A total of 12 patients were included in the VFSS review.
Seven patients were tube dependent (FOIS levels 1–3), and
5 had a total oral diet with restrictions (FOIS levels 4–6) at the
time of their VFSS assessment. Abnormalities in the different
phases of the swallowing process are shown in Table 5. Oral
dysphagia was present in four patients (36 %), and pharyngeal
dysphagia was present in nine patients (75 %). Aspiration was
identified in one patient. Abnormalities in the upper oesopha-
geal phase were present in five (42 %) patients.

Discussion

This retrospective study primarily assessed the prevalence of
dysphagia, based on abnormal functional oral intake using the
FOIS, in children (aged 0–18 years) with repaired OA.
Prevalence of dysphagia was above 50 % in age groups <1
and 1–4 years. In age groups 5–11 and 12–18 years, preva-
lence rates decreased to approximately 20 %. The present
study is the first reporting prevalence on dysphagia using the
FOIS in children with repaired OA.

The prevalence of dysphagia in our study is consistent to
other studies with regards to age groups <1 and 1–4 years [12,
13]. However, the prevalence of dysphagia in the age groups 5–
11 and 12–18 years was lower than other literature reports, al-
though our population was similar to those in previously pub-
lished studies [12, 13, 18, 23]. In general, dysphagia in children
is underreported as stated in literature [19]. Differences between
our study and previously reported results might be explained by
the use of various dysphagia definitions. In our study, we used
the objective-modified FOIS. Obvious smaller differences were
seen in prevalence rates compared to previous studies, if chil-
dren with FOIS level 7 (no dysphagia) and sensations of bolus
impaction or oesophageal dilatation in history were included in
our prevalence analyses, respectively, 79% in age group<1year,
71 % in age group 1–4 years, 56 % in age group 5–11 years and
38 % in age group 12–18 years. This highlights the influence of
dysphagia definitions on prevalence rates.

This study is, to our best knowledge, the only study in
children with repairedOA grading severity of dysphagia using
the objective-modified FOIS. Accurate determination of
change in dysphagia severity is important to improve
follow-up and evaluate treatment interventions [4]. Our results
showed an overall decrease in prevalence and severity over
the age groups. Application of an objective dysphagia scale to
report change in dysphagia severity in OA patients might be a
contributing factor to follow-up.

Our study confirmed the association of dysphagia with
GORD, with or without fundoplication, in children with repaired
OA. This is in accordance with previous research, which indi-
cates abnormal oesophageal motility as common etiologic factor
[5, 6]. Dysphagia and GORD can both cause aspiration, respec-
tively, anterograde or retrograde aspiration [25]. The co-
occurrence of dysphagia and GORD highlights the need to de-
termine the aetiology of aspiration in children with repaired OA.

In our clinical cohort, dysphagia was subdivided into
different swallowing phases. So far, this subdivision has
not been applied before in dysphagia prevalence studies in
children with OA [12, 13, 18, 23]. In our results, oropha-
ryngeal dysphagia was present in children with repaired
OA based on review of medical records. To objectively
determine dysphagia in different swallowing phases, VFSS
could be helpful [1, 8].

This study identified the aetiology of dysphagia based on
VFSS findings in a limited number of patients. In our study,
oral dysphagia was present in one third of our patients and
pharyngeal dysphagia in more than three quarter of the pa-
tients in the VFSS cohort. Only Hörmann et al. [16] and
Yalcin et al. [26] performed a VFSS study in children with
repaired OA. First, differences in dysphagia prevalence
should be considered in the light of a limited number of
children in the studied cohorts. Hörmann et al. [9] published
an article focusing on dysphagia in different swallowing
phases using VFSS. In this study [9], all children had

Table 5 Oral, pharyngeal and upper oesophageal abnormalities in the
swallowing process based on VFSS findings

n (%)

Number of OA patients 12 (100 %)

Age at VFSS performed (years)

<1 2 (17 %)

1–4 7 (58 %)

5–11 3 (25 %)

12–18 0

Oral phasea 4 (36 %)

No bolus formation 2 (18 %)

Loss of food out of mouth 2 (18 %)

Piecemeal deglutition 1 (9 %)

Oral transport of liquid >3 s 0

Pharyngeal phase 9 (75 %)

Material in valleculae or pyriform sinuses pre-initiation 9 (75 %)

Pharyngeal backflow 0

Laryngeal penetration 0

Aspiration 1 (8 %)

Post-swallow residue in valleculae 5 (42 %)

Post-swallow residue in pyriform sinuses or posterior
pharyngeal wall or both

1 (8 %)

Upper oesophageal phase 5 (42 %)

Post-swallow residue on/in upper oesophageal sfincter 5 (42 %)

a Images of the oral phase in one patient were missing

VFSS videofluoroscopic swallow study
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abnormalities in the pharyngeal phase, and none had abnor-
malities in the oral phase. Compared to this study, our per-
centage of oral dysphagia was higher, while pharyngeal dys-
phagia in our study was lower. A possible explanation for
these results is the use of different consistencies in our study,
whereby Hörmann et al. [9] only used thin liquid. Other
consistencies can reveal additional abnormalities causing
dysphagia [25].

Yalcin et al. [26] recently published a study to evaluate
the functional disorders of deglutition in children with
repaired EA with VFSS. They showed oral dysphagia in
10 % of the children with repaired esophageal atresia,
suggesting that oral dysphagia may be associated with late
onset of oral feeding. Our results support their hypothesis,
since three of our four patients with oral dysphagia were
tube dependent (FOIS levels 1–2 in age group <1 year).
The percentage of pharyngeal dysphagia was more fre-
quent in our population. This result may be explained by
the fact that dysphagia was present in all our VFSS pa-
tients, while in Yalcin et al., dysphagia was absent in the
majority of patients [26]. One of the issues that emerges
from these findings is the correct indication of VFSS.

As a consequence of the retrospective study design, follow-
up data were limited and therefore, not always straightfor-
ward. One researcher (CC) reviewed medical records and ob-
tained data. However, in case of ambiguities, data were
discussed with the involved paediatrician (JD) until consensus
was reached. Concerning the VFSS findings, these do not
reflect the overall OA population since selection of patients
was based on the presence or absence of VFSS performed.
Nevertheless, this study is the first to combine prevalence of
dysphagia using the FOIS and identification of dysphagia in
different swallowing phases using VFSS in children with
repaired OA.

Conclusion

Dysphagia prevalence in this study is consistent to other
studies with regards to age groups <1 and 1–4 years
and was lower in age groups 5–11 and 12–18 years.
Our study showed that oropharyngeal dysphagia is pres-
ent in children with repaired OA. This study empha-
sized the need to standardize the use of an objective
dysphagia scale in follow-up of children with repaired
OA. Using an objective dysphagia scale, like the mod-
ified FOIS, in children with repaired OA is necessary to
give tailor made advices for feeding and swallowing in
this patient group. Prospective studies using an objective
dysphagia scale and VFSS in children with OA are
warranted to correctly identify dysphagia in different
swallowing phases.

Author’s contributions CC conceptualized and designed the study,
collected data from medical records of patients, collected data from
VFSS findings, analysed and interpreted the data, drafted the initial man-
uscript and approved the final manuscript as submitted.

JD conceptualized and designed the study, supervised data collection
and analysis, interpreted the data, reviewed manuscript and approved the
final manuscript as submitted.

HS conceptualized and designed the study, reviewed manuscript and
approved the final manuscript as submitted.

SG conceptualized and designed the study, assessed VFSS,
interpreted the data, reviewed manuscript and approved the final manu-
script as submitted.

LE conceptualized and designed the study, assessed VFSS, interpreted
the data, reviewed manuscript and approved the final manuscript as
submitted.

Compliance with ethical standards

Funding This study was not funded.

Conflicts of interest The authors declare that they have no conflicts of
interest.

Ethical approval This article does not contain any studies with human
participants performed by any of the authors. For this type of study,
formal consent is not required. According to the Medical Ethics
Committee (CMO) of the district Arnhem/ Nijmegen, no ethical approval
was required for this study.

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Arvedson JC (2008)Assessment of pediatric dysphagia and feeding
disorders: clinical and instrumental approaches. Dev Disabil Res
Rev 14(2):118–127

2. Arvedson JC, Rogers B, Brodsky L (1993) Anatomy, embryology
and physiology. In: Arvedson JC, Brodsky L (eds) Pediatric
swallowing and feeding assessment and management. Singular
Publishing Group, San Diego, pp. 5–51

3. Christiaanse ME, Mabe B, Russell G, Simeone TL, Fortunato J,
Rubin B (2011) Neuromuscular electrical stimulation is no more
effective than usual care for the treatment of primary dysphagia in
children. Pediatr Pulmonol 46(6):559–565. doi:10.1002/ppul.21400

4. Crary MA, Mann GD, Groher ME (2005) Initial psychometric as-
sessment of a functional oral intake scale for dysphagia in stroke
patients. Arch Phys Med Rehabil 86(8):1516–1520

5. Deurloo JA, Ekkelkamp S, Bartelsman JF, Ten Kate FJ, Schoorl M,
Heij HA, AronsonDC (2003) Gastroesophageal reflux: prevalence in
adults older than 28 years after correction of esophageal atresia. Ann
Surg 238(5):686–689. doi:10.1097/01.sla.0000094303.07910.05

6. Gatzinsky V, Jonsson L, Johansson C, Gothberg G, Sillen U,
Friberg LG (2011) Dysphagia in adults operated on for esophageal
atresia–use of a symptom score to evaluate correlated factors. Eur J
Pediatr Surg 21(2):94–98. doi:10.1055/s-0030-1270454

1216 Eur J Pediatr (2016) 175:1209–1217

http://dx.doi.org/10.1002/ppul.21400
http://dx.doi.org/10.1097/01.sla.0000094303.07910.05
http://dx.doi.org/10.1055/s-0030-1270454


7. Gross RE (1953) The surgery of infancy and childhood; its princi-
ples and techniques. Saunders, Philadelphia

8. Hiorns MP, Ryan MM (2006) Current practice in paediatric
videofluoroscopy. Pediatr Radiol 36(9):911–919. doi:10.1007
/s00247-006-0124-3

9. Hormann M, Pokieser P, Scharitzer M, Pumberger W, Memarsadeghi
M, Partik B, Ekberg O (2002) Videofluoroscopy of deglutition in
children after repair of esophageal atresia. Acta Radiol 43(5):507–510

10. Ijsselstijn H, van Beelen NW, Wijnen RM (2013) Esophageal atre-
sia: long-term morbidities in adolescence and adulthood. Dis
Esophagus 26(4):417–421

11. Kovesi T, Rubin S (2004) Long-term complications of congenital
esophageal atresia and/or tracheoesophageal fistula. Chest 126(3):
915–925

12. Lilja HE, Wester T (2008) Outcome in neonates with esophageal
atresia treated over the last 20 years. Pediatr Surg Int 24(5):531–536

13. Little DC, Rescorla FJ, Grosfeld JL,West KW, Scherer LR, Engum
SA (2003) Long-term analysis of children with esophageal atresia
and tracheoesophageal fistula. J Pediatr Surg 38(6):852–856

14. Maynard S, Bouin M (2013) Follow-up of adult patients with
repaired esophageal atresia: how, when, and for how long? Dis
Esophagus 26(4):422–424

15. McCullough GH, Wertz RT, Rosenbek JC, Mills RH, Webb WG,
RossKB (2001) Inter- and intrajudge reliability for videofluoroscopic
swallowing evaluation measures. Dysphagia 16(2):110–118

16. Northstone K, Emmett P, Nethersole F, ALSPAC Study Team
(2001) The effect of age of introduction to lumpy solids on foods
eaten and reported feeding difficulties at 6 and 15 months. J Hum
Nutr Diet 14(1):43–54

17. Pedersen RN, Calzolari E, Husby S, Garne E (2012) Oesophageal
atresia: prevalence, prenatal diagnosis and associated anomalies in
23 European regions. Arch Dis Child 97(3):227–232

18. Pedersen RN, Markow S, Kruse-Andersen S, Qvist N, Hansen TP,
Gerke O, Nielsen RG, Rasmussen L, Husby S (2013) Esophageal
atresia: gastroesophageal functional follow-up in 5-15 year old chil-
dren. J Pediatr Surg 48(12):2487–2495

19. Ramsay M, Gisel EG, Boutry M (1993) Non-organic failure to
thrive: growth failure secondary to feeding-skills disorder. Dev
Med Child Neurol 35(4):285–297

20. Rintala RJ, Pakarinen MP (2013) Long-term outcome of esophage-
al anastomosis. Eur J Pediatr Surg 23(3):219–225

21. Sistonen SJ, Pakarinen MP, Rintala RJ (2011) Long-term results of
esophageal atresia: Helsinki experience and review of literature.
Pediatr Surg Int 27(11):1141–1149. doi:10.1007/s00383-011-
2980-7

22. Spitz L (2007) Oesophageal atresia. Orphanet J Rare Dis 2:24
23. Tomaselli V, Volpi ML, Dell’Agnola CA, Bini M, Rossi A, Indriolo

A (2003) Long-term evaluation of esophageal function in patients
treated at birth for esophageal atresia. Pediatr Surg Int 19(1–2):40–
43

24. van den Engel-Hoek L, Erasmus CE, van Hulst KC, Arvedson
JC, de Groot IJ, de Swart BJ (2014) Children with central and
peripheral neurologic disorders have distinguishable patterns of
dysphagia on videofluoroscopic swallow study. J Child Neurol
29(5):646–653

25. Weir K, McMahon S, Barry L, Masters IB, Chang AB (2009)
Clinical signs and symptoms of oropharyngeal aspiration and dys-
phagia in children. Eur Respir J 33(3):604–611. doi:10.1183
/09031936.00090308

26. Yalcin S, Demir N, Serel S, Soyer T, Tanyel FC (2015) The evalu-
ation of deglutition with videofluoroscopy after repair of esophage-
al atresia and/or tracheoesophageal fistula. J Pediatr Surg 50(11):
1823–1827. doi:10.1016/j.jpedsurg.2015.07.002

Eur J Pediatr (2016) 175:1209–1217 1217

http://dx.doi.org/10.1007/s00247-006-0124-3
http://dx.doi.org/10.1007/s00247-006-0124-3
http://dx.doi.org/10.1007/s00383-011-2980-7
http://dx.doi.org/10.1007/s00383-011-2980-7
http://dx.doi.org/10.1183/09031936.00090308
http://dx.doi.org/10.1183/09031936.00090308
http://dx.doi.org/10.1016/j.jpedsurg.2015.07.002

	Dysphagia in children with repaired oesophageal atresia
	Abstract
	Introduction
	Aims
	Material and methods
	Patient population and materials
	Patient characteristics
	Data collection
	Dysphagia
	Videofluoroscopic swallow studies
	Assessment procedure
	Statistical analyses

	Results
	Patient characteristics
	Dysphagia
	Severity
	Association between dysphagia and GORD
	VFSS findings

	Discussion
	Conclusion
	References


