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Unsedated transnasal esophagoscopy for monitoring therapy
in pediatric eosinophilic esophagitis
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Background and Aims: Unsedated transnasal endoscopy (TNE) is safer and less costly than sedated EGD. The
aim of this study was to evaluate the performance of TNE with biopsies in monitoring the esophageal mucosa of
pediatric patients with eosinophilic esophagitis.
Methods: Patients between 8 and 17 years of age with eosinophilic esophagitis and their parents were
enrolled. Unsedated TNE was performed. A 2.8-mm (1.2-mm channel) or a 4-mm ﬂexible bronchoscope
(2-mm channel) was used, and esophageal biopsy specimens were obtained. Biopsy specimen analysis, duration, adverse events, and billing charges of TNE were assessed. Immediately after TNE and a minimum of
2 weeks later, a modiﬁed Group Health Association of America 9 survey and a preference questionnaire
were completed, respectively.
Results: Twenty-one of 22 enrolled patients underwent TNE. TNE was performed with no serious adverse events.
Histopathological analysis revealed 0 eosinophils per high-power ﬁeld (n Z 12), fewer than 15 eosinophils per
high-power ﬁeld (n Z 4), and more than 15 eosinophils per high-power ﬁeld (n Z 5). The total epithelial surface
area of mucosal biopsy samples from either TNE Forceps (1.2 mm or 2 mm biopsy channel forceps) compared
with those obtained during the subject’s previous EGD by using standard endoscopic forceps was not statistically
different (P Z .308 [1.2 mm]/P Z .492 [2 mm]). All parents and 76.2% of subjects would undergo the TNE again.
TNE was preferred over EGD by 85.7% of parents and 52.4% of subjects. The modiﬁed Group Health Association
of America 9 survey revealed a high degree of satisfaction (average, 43.19  2.6; maximum score, 45). Charges
associated with TNE were 60.1% lower than for previous EGDs.
Conclusions: Unsedated TNE is an effective, lower-cost procedure for monitoring the esophageal mucosa of
children with eosinophilic esophagitis. (Gastrointest Endosc 2015;-:1-7.)

Abbreviations: EoE, eosinophilic esophagitis; SD, standard deviation;
TNE, transnasal endoscopy.
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Eosinophilic esophagitis (EoE) is an increasingly common chronic inﬂammatory disease that affects children
and adults, with an estimated incidence of 1/10,000 in the
United States.1 Because of its potential to progress to
esophageal stricture and the fact that symptoms do not
always correlate with the degree of eosinophilia, much
attention has been paid, including in the most recent 2014
guideline, to repeated assessment of the esophageal
mucosa to ensure mucosal healing after treatment.2-5 In
contrast, the risks, cost, and time commitment associated
with traditional sedated EGD can be signiﬁcant and have
raised concerns for providers and parents alike.6 These
dilemmas challenge the gastroenterologist to contemplate
whether EGD use in EoE is meeting the triple aim in
health care of Berwick et al7 to provide effective treatment,
low-cost care, and an optimal and safe health care experience. Should EGD with biopsy be performed after each therapeutic change regardless of symptomatology, or should
EGD be reserved for patients who are not clinically responding to treatment?
To address these questions, alternative methods are
urgently needed to measure esophageal inﬂammation.
Although esophagoscopy with biopsies remains the criterion
standard technique for assessing mucosal inﬂammation,
other technologies such as the Cytosponge (Medtronic, Minneapolis, Minn), esophageal string test, and confocal tethered
endomicroscopy have emerged as potential alternatives.8-10
To date, these tools, although less invasive, are still available
only in research settings.1,8
Recent work has led to the development of transnasal
endoscopy (TNE)/transnasal esophagoscopy) to assess the
esophageal mucosa in adults.11-17 In contrast to traditional
EGDs, TNE offers advantages including that it can be performed in an outpatient clinic room, requires no anesthesia
or sedation, uses a small endoscope that is tolerated by adults,
and obtains samples adequate for assessment of Barrett’s
esophagus.18,19 Although not studied to date in pediatric patients, experience using unsedated laryngoscopy in pediatric
otolaryngology and pediatric pulmonology suggests that this
technology could be adapted for sampling the mucosa of children with EoE.20 We hypothesized that TNE was a safe and
effective tool to monitor the mucosa of children with EoE.
The aim of this study was to evaluate the performance of
TNE with biopsies by using ultraslim ﬂexible endoscopes
to assess the esophageal mucosa in pediatric subjects with
EoE. This was done through the evaluation of parental
and subject responses to TNE, the assessment of the
ability to procure samples that would be adequate to
monitor disease, monitoring adverse events, and recording
procedure duration and the charges generated.

MATERIALS AND METHODS
Subjects 8 to 17 years of age between March 2014
and January 2015 with a diagnosis of EoE and who had
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undergone at least 1 previous EGD under anesthesia
were recruited from the outpatient clinic at Children’s Hospital Colorado. The diagnosis of EoE was made broadly according to published criteria that include symptoms
referable to the esophagus, dense esophageal eosinophilia
with more than 15 eosinophils per high-power ﬁeld, and
exclusion of other causes of mucosal eosinophilia
that included either any trial of proton pump inhibitor
or placement of a pH impedance probe before TNE.21,22
At the time of the scheduled clinically indicated followup appointment, subjects were approached if their primary
GI provider thought that a follow-up esophagoscopy was
needed to evaluate their clinical response to therapy. Subjects were queried as to whether they would be interested
in having an unsedated TNE with movie distraction performed instead of a sedated EGD. If so, informed consent
was obtained, and demographic data were collected.
Subjects were instructed to not eat or drink for 2 hours
before the TNE. In a standard clinic room, subjects were
asked to sit in a chair designed for outpatient laryngoscopic procedures. Two to 6 sprays of 4% aerosolized lidocaine were applied to the nares to achieve topical
anesthesia. Subject distraction was accomplished by using
either HMZ-T3W 3-dimensional movie goggles (Sony Corporation, Tokyo, Japan) or Cinemizer Goggles (Carl Zeiss
AG, Oberkochen, Germany), depending on face size to
facilitate viewing an immersive movie or television program of their choice. Parents remained in the room for
the duration of the study. For study consistency and
patient comfort, 1 of 2 experienced nasal laryngoscopy pulmonologists (E.D., R.D.) or 1 otolaryngologist (J.P.) performed transnasal laryngoscopy by using an Olympus
BFXP160F 2.8-mm bronchoscope (1.2-mm biopsy channel/60-cm length) (Olympus America, Center Valley, Pa)
in 11 of 21 subjects and 10 of 21 subjects by using a 4mm BPMP160F (2-mm biopsy channel/60-cm length)
ending with the endoscope in the proximal esophagus.
The gastroenterologist (J.F.) performed esophagoscopy
and biopsy sample collection (3 from the proximal and 3
from the distal esophagus). The stomach was visualized
in limited view in all subjects. Visual conﬁrmation of the adequacy of the biopsy specimens was performed before
withdrawing the endoscope. Information on adverse
events, subject symptoms, and duration of TNE (endoscope insertion to endoscope withdrawal) in 5-minute intervals up to 15 minutes were collected. After the
procedure, families were asked to answer the modiﬁed
Group Health Association of America 9 endoscopy satisfaction questionnaire and then were discharged home.
Subjects were called the evening of the procedure and
more than 72 hours but not later than 14 days after the procedure to evaluate for any adverse events. A minimum of 2
weeks but not more than 10 weeks after TNE, the subjects
and parents were asked to answer a nonvalidated, novel,
electronic qualitative survey regarding their experience
with TNE (Supplement 1, available at www.giejournal.org).
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This was adapted from another instrument used in
the Gastrointestinal Eosinophilic Diseases Program at
Children’s Hospital Colorado.
A single pediatric pathologist (K.C.), who was not
blinded to the type of endoscopy performed, evaluated biopsy specimens to assess for adequacy, size of the sample,
and inﬂammatory ﬁndings including the number of eosinophils. To ensure an adequate high-power ﬁeld analysis,
the total epithelial surface area used to count eosinophils
was analyzed by using graphical software and analysis (cellSens Standard, Olympus America). This was accomplished
by comparing the subject’s available previous esophageal
biopsy samples by using a standard 2.8-mm biopsy forceps
with the 1.2- or 2-mm biopsy forceps specimens that were
collected during TNE.
Charges from TNEs and subjects’ previous isolated
sedated EGD were collected to compare the cost of the
2 procedures. Subjects who underwent combined procedures that may have prolonged sedation such as pH
probes, pH impedance probes, colonoscopy, or ﬂexible
sigmoidoscopy at their previous endoscopy were excluded
from this calculation (n Z 12). The University of Colorado
Institutional Review Board (COMIRB-13-2721) approved all
study procedures.

Statistical analysis
Data were recorded in a Red Cap Secure Database.
Response data reported by subjects during the qualitative
instrument was analyzed as average and mean  and standard deviation (SD). This was done to report subjects’ responses as a group with variation. Surface area analysis to
ensure adequate specimen size was performed by using a
Student paired, nonparametric t test. This was performed
to minimize variations that may occur due to unknown
variation in subjects’ esophageal mucosa. Charge analysis
was performed by using a nonparametric, unpaired t test
as a comparison of 2 similar population groups undergoing
endoscopy with similar, but not identical, charges at each
occurrence.

RESULTS
Of 22 subjects referred for endoscopy, 22 were contacted and 21 subjects (95.5%) enrolled in this study.
The 1 female subject who declined chose not to participate
because of “sensory issues.” There were 13 male and 9
female subjects. Ethnicity of subjects included 19 white,
1 Native American, and 2 Hispanic. The average age 
SD was 13.04  2.7 years (range 8-17 years). Subjects 1
and 13 to 21 underwent TNE with the 4-mm endoscope
and were 8 to 16 years of age. Subject numbers 2 to 12
underwent TNE with the 2.8-mm endoscope and were 10
to 17 years of age. The average  SD number of endoscopies previously performed on the subject cohort was
2.19  1.12. All subjects underwent TNE with no serious
www.giejournal.org
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adverse events. The duration of TNE procedures decreased
as the endoscopists (J.F., E.D., J.P., R.D.) became more
experienced with TNE. Procedure times that were longer
than 15 minutes were due to technical difﬁculties and
the gastroenterologist’s learning curve (Table 1). The
youngest child was 8 years old and was able to tolerate
the 4-mm endoscope without difﬁculty. Self-reported
symptoms associated with the TNE included gagging
and sore throat (Table 2). No adverse event was
associated with any emergency department evaluation or
unintended evaluation or treatment. One subject had a
panic attack before the procedure but was still able to
complete the TNE without any additional medication.
She had a history of an anxiety disorder. One subject had
nasal irritation with a drop of blood noted; this was
represented in the self-reported symptoms.
Postprocedure assessment revealed a high degree of
satisfaction and comfort with the TNE immediately after
(Table 3) and at subsequent survey (Supplement 1). A
high percentage of subjects reported satisfaction with
TNE, both child subjects (81%) and parents (90.5%). The
majority of children (76.2%) would repeat TNE, and
100% of parental subjects were willing to have their child
undergo the procedure again. More than half of the child
subjects (52.4%) preferred TNE, with 4 subjects not
preferring either TNE or sedated EGD, whereas 85.7% of
parental subjects preferred TNE for their child. Reasons
for parental preference of TNE included no anesthesia
(61.9%), faster procedure and recovery (52.3%), parental
presence during the procedure (28.5%), and lower cost
(19%).
Visual TNE ﬁndings are presented in Table 4. Visual
ﬁndings correlated with the appropriate histologic ﬁndings
in 85.7% of subjects. In those subjects in whom visual and
histological ﬁndings did not correlate, 2 subjects with
visual furrowing had normal biopsy ﬁndings, and 1 with
normal-appearing mucosa showed histologic evidence of
eosinophilia (<15 eosinophils per high-power ﬁeld)
(Fig. 1, Table 4)
Biopsy specimen adequacy evaluation and results are
noted in Table 4. No signiﬁcant difference was identiﬁed
when comparing total epithelial surface area of the
matched subjects’ previous EGD by using either 1.2- or
2-mm forceps. Although there appears to be a surface
area difference between the two 2.8-mm forceps control
groups, subanalysis revealed no signiﬁcant difference
(P Z .136). Global size differences of the biopsy samples
were noted due to the presence or the absence of lamina
propria. In this study, 1.2-mm forceps grasping 3 samples
obtained 0.4  0.2  0.1-cm aggregate tissue, whereas
2-mm forceps obtained 0.4  0.2  0.2 cm in total. EGD
grasping 2 samples by using 2.8-mm forceps obtained
0.3  0.3  0.2-cm in aggregate sample.
Of the 21 subjects who underwent TNE, 11 had charge
data that included an isolated EGD without additional
charges for extended procedures and was available for
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TABLE 1. Duration of TNE*
Duration
of TNE, min

TABLE 2. Adverse events

No. of
subjects

TNE subject number

Self-reported symptom from instrument

5-10

10

10, 13, 14, 15, 16, 17, 18, 19, 20, 21

10-15

8

2, 3, 4, 5, 8, 9, 11, 12

>15

3

1, 6, 7

TNE, Transnasal endoscopy.
*Time from the insertion to removal of the endoscope.

Nausea

4

Choking/gagging

12

Sore throat

10

Vomiting

2

Chest pain

2

Abdominal pain
Other

analysis. Charges for each TNE subject, on average, were
calculated to be 60.1  10.7% less than their previous
sedated EGD with biopsies, including anesthesia, pathology, facility fees, and physician fees. The average combined
total charge of 11 sedated EGDs was $9390.79  $2224.42
compared with $3547.96  $254.42 for TNE. This represented a reduction of 62.2% in the total billed charges.

DISCUSSION
The emergence of EoE has led to a renewed interest in
determining pathogenic mechanisms of esophageal inﬂammation and sampling of the esophageal mucosa to assess
for mucosal healing. Despite the rapid progress in establishing diagnostic criteria, treatments, and novel genes related
to pathogenic mechanisms that can signiﬁcantly affect EoE
patients, limited data are available to document the natural
history of EoE. This lack of understanding has led to the current clinical practice of multiple, high-cost, and sedated
assessments of the esophageal mucosa to ascertain whether
eosinophilia has resolved after treatment. If eosinophilia
resolves, a predicate determination is made that the likelihood for EoE-related adverse events is diminished.23
If eosinophilia persists, efforts are made to resolve
inﬂammation with its subsequent impact on quality of life
and costs of care. In this regard, novel devices and sampling
methodologies are urgently needed. To address this and
offer a new tool in the evaluation of EoE, we sought to
determine whether TNE could sample the esophageal
mucosa in a way that was well tolerated and adequate. In
light of the emergent need for more efﬁcient methods of
esophageal mucosal evaluation in EoE, we performed this
study within the conﬁnes of a multidisciplinary team to
perform TNE with biopsies in a pediatric population. We
chose this population because of the urgent need to
minimize the repetitive risks of anesthesia, to improve the
understanding of EoE pathogenesis, and to ultimately
identify novel therapeutic targets.
Unsedated TNE is an established technique in a number
of pediatric and adult subspecialties, but it has not been
used commonly by pediatric gastroenterologists.11-17
A number of studies have described the advantages, limitations, and challenges of TNE use, and in 2010, the American Society for Gastrointestinal Endoscopy developed a
4 GASTROINTESTINAL ENDOSCOPY Volume

-,

No.

-

: 2015

Total subjects

No significant symptoms

1
4 (2 nose discomfort,
2 slight sore throat)
7

guideline for the use of TNE in adults.24-27 This guideline
increased attention to cost containment, and the recent
upswing in interest in esophageal diseases led to renewed
interest in this technique.25,28-30 A recent study also demonstrated the utility of TNE in adults with Barrett’s esophagus.27,28,31 To date, only 1 study evaluated unsedated
transoral endoscopy in children and concluded that it
improved time and safety in assessing 21 children for evaluation of abdominal pain, dyspepsia, and dysphagia.32
With the rapidly increasing prevalence of EoE, limited
knowledge regarding its pathophysiology, and emerging
clinical needs to assess the esophageal mucosa, we sought
to determine whether TNE in pediatric EoE would be a
feasible and efﬁcacious tool. Results of our study reveal
that patients and parents experienced with sedated EGD
tolerate TNE well and that patients and their parents prefer
TNE compared with EGD. It is likely that the limited sideeffect proﬁle and complete lack of serious adverse events
contributed to the ﬁnding that 52.4% of pediatric subjects
(4 subjects preferring neither EGD nor TNE) and 85.7% of
parents (1 parent preferring neither TNE nor EGD)
preferred unsedated TNE to sedated EGD. In that parents
often make decisions about procedures in pediatrics and a
majority of children prefer TNE, these percentages are suggestive of a successful alternative to EGD. Immediate beneﬁts of this preference for patients include improved
patient satisfaction and increased safety by eliminating
anesthesia.
In many ways, our results are quite similar to those reported in adult studies. For example, a large Canadian
study by Cho et al30 evaluating 231 patients with an
average age of 57 years for routine TNE found that TNE
was well tolerated, safe, and feasible. This study was
different, however, in that the patients were primarily
adults, the endoscope used was larger (5.3 mm), and
duodenal intubation was performed. Our study evaluated
the use of 2 smaller endoscopes, smaller biopsy forceps,
and TNE performance in children. The difference
between our ﬁndings and those of similar adult studies is
that in our study, both the parents and child subjects
evaluated the technique, the adequacy of smaller forceps
www.giejournal.org
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TABLE 3. Satisfaction with procedure
Instrument/question

Instrument score

mGHAA-9 score  SD (maximum of 45 points)

43.19  2.6

Qualitative satisfaction instrument, 21 subjects, no. (%)
Child: satisfaction with TNE

17 (81)

Parent: satisfaction with TNE

19 (90.5)

Parent/child concerned about TNE

8 (28.6)

Parent/child satisfied with sedated EGD

17 (81)

Parent/child concerned about sedated EGD

13 (61.9)

Child: willing to repeat TNE

16 (76.2)

Parent: willing to repeat TNE

21 (100)

Child: prefer to repeat TNE

11 (52.4), 4 preferred neither EGD nor TNE

Parent: prefer to repeat TNE

18 (85.7), 1 preferred neither EGD nor TNE

Parent: qualitative advantages of TNE

13/21, no anesthesia; 11/21, faster procedure and recovery; 6/21,
parental presence in procedure room; 4/21, lower cost

mGHAA-9, Modified Global Hospital Association 9; SD, standard deviation; TNE, transnasal endoscopy.

TABLE 4. TNE findings
TNE findings

Total no. of specimens

Visually normal

11

Slight furrowing

2

Furrowing

8 (1 with exudates)

Normal biopsy

12

Eosinophils >15 hpf

5

Eosinophils <15 hpf

4

Biopsy forceps
EGD: 2.8-mm* biopsy forceps

Sample size

Average ± SD epithelial surface area, mm2

P value

0.38  0.14

.308

n Z 11

0.33  0.09

TNE: 1.2-mm biopsy forceps
EGD: 2.8-mm* biopsy forceps

n Z 10

0.51  0.18

.492

0.50  0.14

TNE: 2.0-mm biopsy forceps
TNE, Transnasal endoscopy; hfp, high-power field; SD, standard deviation.
*P value of .136 comparing both 2.8-mm groups.

to evaluate the esophageal mucosa in EoE was assessed,
and the actual rather than contemplative type of future
endoscopy preferred by subjects who have undergone
multiple previous EGDs was examined. These ﬁndings
strengthen the results of this research and its potential
application to adult and pediatric endoscopy practices.
We are particularly encouraged by our ﬁndings for
several reasons. First, there was great interest in this procedure among patients and parents. We only needed to screen
22 subjects to enroll the 21 subjects reported here. Both
parents and children expressed a high level of satisfaction
and enthusiasm to repeat unsedated TNE rather than standard EGD. Factors contributing to these responses included
the lack of anesthesia, the presence of parents during the
procedure, the limited duration of the procedure and rapid
recovery, and improvement in their quality of life with TNE.
www.giejournal.org

They noted that it allowed them the ability to return to
school, sports, eating, and work shortly afterward. The total
time required for a standard EGD is 3 hours compared to 60
to 90 minutes required for the TNE. The 60- to 90-minute
time for TNE in clinic included research documentation
(30-45 minutes), preprocedural documentation/staff
arrival/equipment setup (5-20 minutes), the procedure of
TNE (5-15 minutes), and discharge instructions/questions
(5-10 minutes). This 3-hour procedure center time for
EGD usually includes check in; preoperative evaluation by
nursing, gastroenterology, and anesthesia; the procedure itself; recovery; and discharge instructions. Most of these improvements in time reduction and increased satisfaction,
noted above, are related to the effects of eliminating anesthesia or sedation for TNE. Not only does this practice
seem to improve the satisfaction of patients and parents,
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Figure 1. Visual and microscopic ﬁndings of eosinophilic esophagitis (EoE) by using transnasal endoscopy (TNE). A, Biopsy sample with active EoE by
using standard 2.8-mm EGD forceps: surface area, 0.10 mm2. B, Biopsy sample from the same patient with active EoE by using TNE 1.2-mm forceps:
surface area, 0.12 mm2. C, Subject with active furrowing and eosinophilic exudates.

but there is also a signiﬁcant likelihood that it decreases the
risk of adverse medication reactions, aspiration, and
possible effects on the developing pediatric brain.6 TNE
was also demonstrated to be safe, as evidenced by the
fact that no serious adverse events or other event needed
subsequent treatment or evaluation. This is an emerging
concern among pediatric anesthesiologists.6
The second positive outcome of our study relates to the
integrity of the mucosal sample. Regarding the technique’s
effectiveness in evaluating mucosal esophageal samples,
we found that the epithelial surface area needed for eosinophil count evaluation was not signiﬁcantly different from
that of the standard EGD 2.8-mm biopsy forceps compared
with either of the TNE 2-mm or 1.2-mm biopsy forceps,
regardless of number of biopsy samples obtained. This
ﬁnding provides a high level of conﬁdence that the sample
obtained at the time of TNE will have the same surface area
compared with that obtained with the criterion standard
EGD biopsy forceps. The 2-mm forceps were also able to
procure lamina propria.
The ﬁnal areas of interest in this study were the reduction in cost and increase in efﬁciency. Financial beneﬁts of
TNE include the fact that TNE incurred fewer charges and
required less time away from school and work compared
with a standard sedated pediatric EGD. The project
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demonstrated a signiﬁcant decrease in patient charges.
The majority of this reduction in cost is related to the
lack of anesthesia/anesthesiologist during TNE. The significance of this cannot be understated. For example, if our
institution were to perform 100 sedated EGDs per year
for EoE at a noninsurance adjusted charge of $9391 per
general anesthesia-provided endoscopy encounter, this
would accumulate $939,100 in total charges per year for
EoE. This would include all facility charges, physician, pathology, and anesthesia fees. If these 100 EGDs for EoE
were converted to unsedated TNE ($3548), this could
translate to a health care systems charge savings of
$584,300 per year.
Several areas require more investigation. First, for practical reasons, we needed to use 2 different sizes of endoscopes for TNE and did not evaluate gastric or duodenal
tissue. Future studies will standardize this for patient comfort, a more complete evaluation, and biopsy sample size.
For example, the endoscopist in this study found that the
short 4-mm endoscope was easier to manipulate, allowed
for obtaining double or triple biopsy samples in a single forceps pass, and generated faster endoscopy times. Technical
optimization of the TNE for a larger esophageal lumen or
evaluation of gastric or duodenal tissues could be performed. Second, although the 1.2-mm forceps were not
www.giejournal.org
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able to procure lamina propria, the 2-mm forceps in this
study were able to obtain lamina propria. Although this section of the tissue has been used to grade ﬁbrosis, this
metric has not been standardized or become a criterion
standard for clinical assessments. Further, another method
of variation that may have affected surface area analysis includes variability in sample procurement technique, a nonblinded clinical pathologist, and differences in quality of
tissue samples depending on disease severity. Our study
represents an initial assessment to test feasibility in pediatrics, but evaluating a much larger cohort is required to
achieve a signiﬁcant power for safety, prevent signiﬁcant selection bias, and obtain other metrics. Power analysis based
on our own institution’s quality and safety data would
necessitate more than 10,000 endoscopies to ﬁnd a single
signiﬁcant adverse event. This could be remedied by the
development of further databases because this technique
is increasingly used at our institution or in a national program evaluating its use in pediatrics. Finally, we undertook
this study in a multidisciplinary collaboration with our pediatric pulmonary and otolaryngology colleagues. This was
done for study design to maximize patient comfort during
TNE development in pediatrics; to kindle a strong interest
in aerodigestive and eosinophilic disorders by gastroenterologists, otolaryngologists, and pulmonologists alike; and
the need for a more pragmatic multidisciplinary approach
to diagnosing and managing EoE as it presents in different
single-specialty clinics. Additional areas of study weakness
are recall bias regarding experiences with previous EGDs
that may have affected the qualitative instrument and selection bias of children undergoing follow-up endoscopy of a
recently diagnosed condition in a nonrandomized small
sample. A larger sample size for further study may clarify
these points. We are conﬁdent, however, that this is a technically feasible procedure and are further encouraged by its
overall rapid success that was facilitated by a multidisciplinary pediatric team dedicated to the care of children
with aerodigestive diseases and EoE.
In conclusion, the implementation of TNE in pediatric
gastroenterology for the evaluation of pediatric EoE is
safe, is preferred by patients and parents alike, and has
the potential to dramatically reduce costs. Thus, it appears
that TNE would be measured as an effective practice in
pediatric EoE management per the description by Berwick
et al7 of the triple aim: the pursuit of improved experience
of care, the health of populations should be improved, and
the cost of per capita health care should be decreased. This
suggests that TNE use should be considered as an
alternative to standard sedated EGD or esophagoscopy
for the follow-up evaluation of pediatric EoE. Our study
provides strong support for larger studies to validate this
approach that will provide novel insights into the natural
history of EoE and signiﬁcantly improve the lives of children with EoE in a safer, cost-effective, and efﬁcacious
manner. The technique will continue to be reﬁned
and improved, offering more opportunities for its use in
www.giejournal.org
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monitoring response to therapeutics, obtaining follow-up
evaluations, and performing research in EoE.
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SUPPLEMENT 1 (RED CAP SURVEY)
Please ﬁll out the survey below and press submit when
ﬁnished. Thank you for participating in our study.
1. Today’s date:
2. Date of nasal endoscopy:
3. How many endoscopies (endoscope down the esophagus) has your child had?
4. What are your child’s main symptoms?
5. Child: How would you describe your overall experience with nasal endoscopy? Satisfactory/unsatisfactory
6. Parent: How would you describe your overall experience with nasal endoscopy? Satisfactory/
unsatisfactory
7. Why would you describe this as your experience with
nasal endoscopy?
8. What symptoms/side effects did you (child) experience
during the nasal endoscopy? a. nausea, b. choking/
gagging, c. sore throat, d. vomiting, e. chest pain, f.
abdominal pain, g. other symptoms, h. no signiﬁcant
symptoms (Please describe other symptoms.)
10. I felt safe having the nasal endoscopy: Yes/No
11. Why did you not feel safe?
12. I was concerned about nasal endoscopy: Yes/No
13. What concerns did you have?
14. I was provided with clear information about nasal
endoscopy: Yes/No
15. How would you describe your overall experience with
regular endoscopy that uses anesthesia/sleeping medicine? Satisfactory/Unsatisfactory
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16. Why would you describe this as your experience with
regular endoscopy that uses anesthesia/sleeping
medicine?
17. I felt safe undergoing regular endoscopic evaluation
with anesthesia/sleeping medicine: Yes/No
18. Why did you not feel safe?
19. I felt concerned about undergoing regular endoscopic
evaluation with anesthesia/sleeping medicine: Yes/No
20. What concerns did you have?
21. Child: What advantages did you see with nasal endoscopy compared with regular endoscopy?
22. Parent: What advantages did you see with nasal endoscopy compared with regular endoscopy?
23. Child: What advantages did you see with a regular
endoscopy compared with nasal endoscopy?
24. Parent: What advantages did you see with a regular
endoscopy compared with the nasal endoscopy?
25. Child: Would you be willing to repeat the nasal endoscopy? Yes/No
26. Parent: Would you be willing to repeat the nasal endoscopy? Yes/No
27. Child: Would you prefer nasal endoscopy over regular
endoscopy with anesthesia/sleeping medicine if your
child needed another evaluation? Yes/No/Neither
28. Parent: Would you prefer nasal endoscopy over regular
endoscopy with anesthesia/sleeping medicine if your
child needed another evaluation? Yes/No/Neither
29. What would you do to make the nasal endoscopy a better test for you/your child?
30. Other comments?
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