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Abstract

Background The aim of this study was to evaluate the swallowing problems by fiberoptic endoscopic evaluation of swal-
lowing (FEES) study in both short- and long-gap patients after esophageal atresia (EA) repair.

Methods Hospital records of patients who had undergone surgery for EA were reviewed retrospectively. Patients were divided
into two groups as short-gap (SG) group (n:16) and long-gap (LG) group (n:10) to compare the swallowing problems. FEES
study was performed, and the results were discussed in detail.

Results There were twenty-six (16 M/10 F) patients with a mean age at evaluation was 7.52 F 3.68 years. Mean follow-up
period was 75.35 ¥ 44.48 months. In FEES study, pharyngeal phase abnormalities were detected in 10 patients (38.4%).
Pharyngeal phase abnormalities were detected significantly higher in LG group (p:0.015). Laryngeal penetration/aspiration
was seen in four patients on FEES study (15.3%). All of them was in LG group (40%). Laryngeal penetration/aspiration was
seen significantly higher in LG group (p:0.014).

Conclusion This is the first study to conduct FEES study in children after esophageal atresia repair to evaluate their swal-
lowing conditions. Even though our sample is small, swallowing problems are more common than expected in the cases of
LG when compared to SG.
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Abbreviations PAS  Penetration—aspiration scale

EA Esophageal atresia VESS  Videofluoroscopy swallowing study
FEES Fiberoptic endoscopic evaluation of swallowing

FOIS  Functional oral intake scale

GER  Gastroesophageal reflux
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Introduction

Long-term gastrointestinal system problems such as gastroe-
sophageal reflux (GER), dysphagia, and motility disorders
could be observed frequently after esophageal atresia (EA)
repair [1, 2]. Dysphagia, described as swallowing disorders
induced by anatomic factors, sensory—motor or motor dys-
functions, is a common problem in patients after esophageal
atresia repair [1, 3]. ESPGHAN and NASPGHAN guide-
lines reported that dysphagia incidence varies between 21
and 84% [4]. However, literature demonstrated that patients
usually do not express dysphagia symptoms unless they are
specifically asked [5]. Nevertheless, atresia patients should
be evaluated for dysphagia. Videofluoroscopy swallowing
study (VFSS) and fiberoptic endoscopic evaluation of swal-
lowing (FEES) study could be employed to identify dyspha-
gia [6]. Dysphagia screening and management are usually
neglected by physicians [7]. Arslan et al. reported that only
19.4% of pediatric surgeons employed a standard dyspha-
gia screening program after esophageal atresia repair [7].
Despite this, the majority of pediatric surgeons considered
that early detection and treatment provide increased quality
of life among atresia patients [7].

Oropharyngeal and esophageal phase abnormalities
lead to swallowing disorders [8]. In the literature, a higher
number of studies discussed esophageal phase abnormali-
ties such as stricture, esophageal dysmotility when com-
pared to those on oropharyngeal problems [3, 9]. However
oropharyngeal phase abnormalities are a prerequisite for
dysphagia in atresia patients with swallowing problems.
Recently, VFSS, known as the gold standard in dyspha-
gia, has been used more frequently when compared to
FEES by surgeons in dysphagia diagnosis [10, 11]. Oral,
pharyngeal, and esophageal phases could be evaluated
with VFSS, but radiation exposure is a big drawback in
this technique [6]. Langmore SE et al. published the first
comparative study for FEES and VFSS in adult patients
[12]. They reported that FEES had high specificity and
sensitivity, especially for laryngeal penetration and aspi-
ration [12]. To conclude, they proved FEES is a reliable
technique to detect some of the major symptoms of dys-
phagia in the pharyngeal stage [12]. Kelly et al. conducted
a retrospective study with 15 dysphagic patients’ FEES
and VFSS records. The records were evaluated by speech-
language pathologists. They rated higher PAS scores with
FEES records than VFSS [13]. However, FEES can be
challenging in the pediatric population because of discord-
ance. In 1995, Willging P reported the first pediatric utility
of FEES [14]. Recently, FEES is suggested by authors
to evaluate swallowing conditions in esophageal atresia
patients [6]. However, there is no data result of fiberoptic
endoscopic evaluation in atresia patients in the literature.
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Certain contributing factors such as anastomotic stricture,
esophageal dysmotility, and structural airway malformation
to dysphagia in esophageal atresia patients have been identi-
fied in the literature [4, 15, 16]. Baxter et al. reported that
long-gap esophageal atresia was among the contributing
factors to dysphagia [16]. They emphasized that esophageal
atresia patients with a long gap had significantly lower func-
tional oral intake scale scores [16]. Also, they reported that
this could be associated with late-onset of oral feeding in
long-gap atresia [16]. Similarly, our hypothesis premised
that long-gap atresia patients have further oropharyngeal
abnormalities in swallowing.

The aim of the current study was to evaluate oropharyn-
geal phase problems in esophageal atresia patients with
FEES, and to compare the findings for the patients with
long- and short-gap esophageal atresia.

Methods

The present study was conducted in pediatric surgery, otolar-
yngology, physical medicine, and rehabilitation departments
in compliance with international ethical standards and the
World Medical Association Declaration of Helsinki. The
study was approved by the local Ethical Committee and
an informed consent form was signed by all participants
(Approval No: 21-11.1 T/21).

Hospital records of the patients who underwent esopha-
geal atresia (EA) repair in our institution between the years
January 2000 and January 2020 were reviewed retrospec-
tively. The demographics, esophageal atresia type (long gap/
short gap), and operation techniques (primary anastomo-
sis or esophageal replacement) were detailed based on the
hospital charts. If ‘the gap’ between the proximal and the
distal pouch of the esophagus was too big to repair with
primary anastomosis, it was classified as ‘long-gap atresia’.
Patients who could be reached by phone call were subjected
to a phone survey. The phoned survey was performed with
parents. They were asked the following questions: “does he/
she struggle when eating? Does he/she cough when he/she
eats? Does it hurt when she/he eats? Does he/she have lung
infections? If he/she has, how many times in a year? Also,
physical evaluation was performed when patients came to
the hospital for FEES.

FOIS

The feeding status of the patients was determined with the
Functional oral intake scale (FOIS). Functional oral intake
was classified based on the seven items in FOIS. The first
three levels are associated with varying degrees of non-oral
feeding, and the levels between 4 and 7 are associated with
the patient’s oral food or liquid intake status [17].
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FEES procedure

A FEES was performed using a Kaypentax Ltd, Mont-
vale, NJ, USA, and Olympus, 1.8 mm diameter fiberoptic
endoscope. A form was created to systematically record
the FEES findings.

The FEES was administered in an upright seated posi-
tion. This was done without administering topical anesthe-
sia to the nasal cavity and video recordings were obtained
for each patient. A flexible fiberoptic endoscope was used
during the procedure.

The test protocol included two administrations of 3 ml,
5 ml, and 10 ml of water colored with food dye (green) via
an injector. Similarly, swallowing tests were carried out
using two administrations of one dessertspoonful of yogurt
(5 ml) colored with food dye and fish crackers. Cleaning
of the colored food was provided by making the patients
drink water when the residue was detected during the test.
We used fish crackers for solid food in order to obtain
standard data. Velopharyngeal insufficiency, movement of
the vocal folds, any delay in the onset of swallowing, pre-
mature spillage, retention-pooling, penetration, aspiration,
and reflex coughing were all evaluated.

PAS

A Penetration—Aspiration Scale was used to describe aspi-
ration events [18]. Eight points were used to define the
aspiration status. The first five levels (1-5) describe pen-
etration, which means materials that pass into the larynx
but do not pass below the vocal folds. Levels 6-8 show
aspiration, which means materials that pass below the
vocal folds [18].

An ear, nose, and throat (ENT) specialist and a physi-
cal therapy and rehabilitation specialist were present during
each of the procedures which were all video-recorded. All
the test results were assessed by the same physiatrician, who
was experienced and specialized in the topic, and the same
ENT specialist.

Statistical analysis

All statistical analyses were performed using Statistical
Package for Social Sciences version 21.0 software for Win-
dows (IBM SPSS Statistics for Windows, Version 21.0.
Armonk, NY: IBM Corp., USA). Patients’ characteristics
and clinical parameters were assessed for normality with
“Kolmogorov—Smirnov” and “Shapiro—Wilk” Tests. Uni-
variate analyses of the variables in the study were performed
using “Fisher Exact Test”, “Fisher-Freeman-Halton Exact
Test”, and “Independent t-test”.

Twenty-six patients who were reached and allowed the
FEES procedure were included in the study. The presence
of residue, penetration, and aspiration during the FEES were
recorded and analyzed.

Results

There were 117 patients who underwent esophageal atresia
repair in the study period. We could not find the current
phone number for 67 patients. There were fifty patients who
could be reached by phone call (Fig. 1). However, 23 parents
did not want to participate in the survey due to various rea-
sons such as the distance between their residences and the
hospital, and excessive fear of hospitals among the children.
The participants are summarized in Fig. 1. Non-volunteer-
ing patients were excluded from the study. Twenty-seven
(17 M/10 F) parents participated in the phone call survey
and allowed the FEES study. Parents answered the questions.
A ten-year-old boy, who underwent primary anastomosis,
could not tolerate the FEES procedure. This patient was
excluded from the study due to discordance. Eventually, 26
patients were included in the study.

The mean age of the patients was 7.52 + 3.68
(7 months—15 years) at the time of the analysis. Sixteen male
(61.5%) and ten female (38.5%) participants were included
in the study. Most patients were in the short-gap group
who underwent primary anastomosis (16 patients, 61.5%),
and the remaining 10 patients were in the long-gap group
who were treated with esophageal replacement (38.5%)
(Gastric pull-up: 8, Colonic interposition: 2). The mean
age was 8.22 +3.39 in the primary anastomosis group, and

67 patients could not be

117 EA patients reached by phone call

23 patients did not want
to be involved the study
® The excessive fear of
hospital
e Living far from the
hospital

50 patients

27 patients

One patient could not
tolerate FEES

26 patients

Ay

» |
10 patients 16 patients
Long Gap EA Short Gap EA

Fig.1 Summary for included patients
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6.40+4.03 in the esophageal replacement group (p: 0.227).
There were no statistically significant differences between
the groups based on age and gender (Table 1). The mean
follow-up period since the operation for these patients was
75.35 +44.48 months (7-137 months). The mean follow-up
period for each group was mentioned in Table 1.

In the phone survey, according to what their parents
answered, none of the patients complained of any dyspha-
gia symptoms. They did not express any problem with oral
feeding. Only two patients complained of recurrent lung
infections. These two patients had pulmonary infections two
or three times in a year. One of them was in the SG group
(6.25%) and the other one in the LG group (10%).

Functional Oral Intake Scale (FOIS) score was 7 in 20, 6
in 4, and 5 in 2 patients, demonstrating that 20 patients had
no swallowing problems. The remaining six patients experi-
enced swallowing problems, four were fed totally orally with
certain limitations of food, and two required some prepara-
tion. The rate of swallowing problems was 25% (4/16) in the
SG group and 20% (2/10) in the LG group. The difference
was not statistically significant between the two groups (p:
0.803).

There were no complications associated with FEES dur-
ing or after the study. During FEES, oropharyngeal prob-
lems—residue in the retrocricoid region or piriform sinus
or pharyngeal wall—were observed in ten patients. Seven
of these ten patients were in the LG group (70%, 7/10) and

three patients were in the SG group (18.8%, 3/16) (Table 2).
Oropharyngeal problems were statistically higher in the LG
group (p: 0.015).

Penetration and aspiration were determined with the
Penetration—aspiration Scale in FEES. Twenty-two patients
experienced no penetration or aspiration (84.6%). One
patient had a penetration score of 5. The aspiration scores
of 3 patients were 6 (material at a subglottic level without
residue). All these patients were in the LG group (40%,
4/10). Sixteen patients in the SG group (100%) and six in
the LG group (60%) experienced no penetration or aspiration
(Table 2). Aspiration—penetration rate was statistically more
common in the LG group (p: 0.014). All patients could toler-
ate the procedure and experienced no complications during
the procedures.

Discussion

Feeding and swallowing disorders (SD) are common in
infants and children after esophageal atresia repair. Despite
the high prevalence of SD in EA patients, there are limited
studies in the literature on feeding difficulties experienced
by these children [8, 19]. While several studies focused on
esophageal abnormalities as the source of feeding difficul-
ties, oropharyngeal dysfunction and aerodigestive abnor-
malities should also be considered [4, 20, 21].

Table 1 Demographics of

patients

Table 2 FOIS scores and FEES

findings

@ Springer

Short-gap group Long-gap group Total

Number of patients 16 10 26
Demographics of patients

Female 5(31.2%) 5 (50%) p:0.425

Male 11 (68.8%) 5 (50%)

Mean age at evaluation 8.22+3.39 years 6.40+4.03 years p: 0.227

Mean follow-up period 94.69 +38.41 months 44.10+36.15 months p:0.003
Gross Types of Atresia

Type A 0 6 6

Type B 0 3 3

Type C 16 1 17
FOIS Short-gap group Long-gap group
7 12 (75.5%) 8 (80%) p:0.803
6 3(18.8%) 1 (10%)
5 1(6.3%) 1 (10%)
FEES findings Short-Gap Group Long-Gap Group
Oropharyngeal problems 3/16 (18.8%) 7/10 (70%) p:0.015
(Residue in vallecula, piriform sinus, retro-

cricoid region, pharyngeal wall)
Aspiration—penetration 0 (0%) 4/10 (40%) p:0.014
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Mostly, patients do not recognize dysphagia symptoms
unless these are specifically mentioned [S]. Our patient never
complained about these symptoms during the phone surveys.
Patients with esophageal atresia do not recognize dysphagia
due to adaptation to their situation. But when they are asked
specifically, it was observed that they experienced certain
swallowing problems [4]. Thus, the EA patients should be
routinely screened for early diagnosis of dysphagia [7].

In the pediatric literature, the Functional Oral Intake
Scale was applied to esophageal atresia patients to deter-
mine the prevalence of dysphagia [22]. 111 patients were
evaluated with FOIS and reported that dysphagia was preva-
lent across esophageal atresia patients, especially the young
patients [22]. In this study, they modified this scoring system
for infants [22]. It was reported that this modified system has
adequate reliability and validity in infants [23]. In 2020, Yi
et al. modified this scale into a 5-point scale and it showed
adequate validity for children [24]. In our series, accord-
ing to the Functional Oral Intake Scale, 76.9% of patients
had total oral diet with no restriction (score: 7). Six patients
(23%) had an oral diet with some specific limitation or
special food restrictions (score: 5 or 6). Four of them were
included in the SG group (25%) and 2 patients in the LG
group (20%).

Oropharyngeal dysphagia with aspiration could be diag-
nosed objectively with several diagnostic tests. While there
is no true gold standard to determine aspiration, all testing
modalities are considered complementary [25]. We preferred
FEES in the current study. Fiberoptic endoscopic evalua-
tion of swallowing is an easy, well-tolerated, repeatable,
and low-cost diagnostic method [12]. Unlike VFSS, there
is no radiation exposure. Patients could be safely examined
several times during both the preoperative and postoperative
periods to determine the operation results. The procedure
could be repeated several times to demonstrate progress.
Another advantage of FEES is the real-time visualization of
pharyngeal secretions [26-28].

There were some literatures which compared the findings
of FEES and VFSS in dysphagia patients [28, 29]. FEES
showed higher specificity for laryngeal penetration or aspira-
tion compared to VFSS [28]. Furthermore, it was reported
that abnormal findings were more common in FEES when
compared to VFSS [29].

The potential complications of FEES are epistaxis, vas-
ovagal syncope, and laryngospasm [26—28]. Thottom et al.
reported 85 pediatric patients underwent endoscopic evalu-
ation with no adverse effect [30]. Haller et al. displayed
that there is no severe adverse event with FEES. However,
especially younger children could not cooperate with FEES
because of excessive crying [31]. They reported that exces-
sive crying is the main problem for FEES [31]. Only one
patient could not complete the procedure due to discordance

in our series, while all other patients underwent the test eas-
ily, and no complication was observed in any patient.

Yalcin et al. indicated pharyngeal phase abnormalities in
28.2% of esophageal atresia patients with VESS [10]. Cop-
pens et al. evaluated 12 EA patients with VFSS and reported
that 75% had pharyngeal phase abnormalities such as residue
in the vallecula, piriform sinus, and pharyngeal wall [22].
19 esophageal atresia patients were evaluated with VFSS
and reported that aspiration was identified in the pharyngeal
phase in 37% of the patients [32]. Thus, the authors sug-
gested that motor dysfunction in the oropharyngeal phase
was one of the main causes of aspiration [32]. Oropharyn-
geal abnormalities were common in our series, consistent
with the literature. Ten patients (%38.4) presented pharyn-
geal phase abnormalities, and 7 were in the long-gap atresia
group. Oropharyngeal abnormalities were more prevalent
in the LG group.

In another study, 32 EA patients who underwent primary
anastomosis were evaluated with VFSS [10]. No aspira-
tion or penetration was indicated in 81.3% of patients. Five
patients suffered aspiration based on PAS [10]. Four patients
with aspiration on VFSS did not complain of recurrent lung
infection. In our series, no patients indicated laryngeal aspi-
ration or penetration in the SG group; however, 40% (n: 4)
of patients in the LG group indicated aspiration or penetra-
tion. Similar to the pharyngeal residue, aspiration or pen-
etration was more common in the LG group. One of these
four patients experienced recurrent lung infections (10%).
Three had no cough or pulmonary infection complaints.
Thus, it could be suggested that aspiration or penetration
could be present in esophageal atresia patients without clini-
cal complaints.

Oropharyngeal dysphagia symptoms were more common
than the complaints in esophageal atresia patients, especially
among those with long-gap atresia. Consistent with our find-
ings, it was reported in the literature that long-gap atresia
was a dysphagia risk factor [16]. A retrospective study was
conducted to determine dysphagia risk factors in long-term
follow-up. They evaluated dysphagia outcomes based on the
functional oral intake scale and reported that dysphagia was
more common in long-gap esophageal atresia patients [16].
Oropharyngeal dysfunction was more common in long-gap
esophageal atresia patients in the current study based on
FEES.

To our knowledge, this is the first study in English lit-
erature on the employment of FEES in esophageal atresia
cases. Although our patient series was small, we concluded
that swallowing problems were prevalent in children with
long-gap atresia. FEES was suggested by several stud-
ies to evaluate dysphagia in atresia patients; however, no
clinical data is available. In our clinical study, the patients
were evaluated with FEES to determine oropharyngeal
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abnormalities. It was determined that FEES was a reli-
able and repeatable method since it entails no radiation
exposure.

The first limitation of the study is the limited patient
number. We could not reach 67 patients due to missing
phone numbers. Considering the time elapsed after the
operation, the phone numbers of the patients may have
changed, or they may have been registered incorrectly in
the system. In addition, a few years ago, archival docu-
ments were transferred to the electronic system in our
hospital.

The transfer to the new electronic patient file system
continues. Also, esophageal atresia patients must be admit-
ted to the hospital repeatedly and require some interven-
tions for many years. So, they feel uncomfortable in the
hospital and do not want to be admitted to the hospital
if there is no emergency. Therefore, many patients do
not want to participate in this study. Also, we had many
patients from cities around the country, who could not
come to the hospital easily. However, in our opinion,
although the patients’ series was small, this study men-
tions very essential issues for esophageal atresia patients.
Another limitation is the fact that the long-gap and short-
gap patients have undergone different corrective proce-
dures. Also, they have started oral feeding at different
months of age. Therefore, it would be considered these
factors affect oropharyngeal phase abnormalities. Also,
the long-term follow-up period is not similar between the
two groups since the short-gap group has a longer follow-
up period. We considered that swallowing functions may
get better in time; therefore, the long-gap group would be
re-controlled with FEES in the future. Another limitation
is the FOIS scoring system. We did not use the pediatric
version of the scale. We did not use the new version as we
evaluated all our patients before publishing the new vali-
dated version. However, despite all, this study is impor-
tant to draw surgeons’ attention to swallowing problems
in esophageal atresia.

To conclude, esophageal atresia patients would not
experience normal swallowing motility, and they com-
monly do not complain of dysphagia. Thus, they should
be evaluated for dysphagia even when they do not have
complaints. These patients require a screening program
and prolonged multidisciplinary follow-up to determine
swallowing disorders. FEES is a reliable and easy method
for the diagnosis of oropharyngeal dysphagia. In our opin-
ion, the current study is important in emphasizing dyspha-
gia and the clinical application of FEES.
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